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Preface

The present Volume, including data to December 1957, is the third of a series being prepared
at the National Bureau of Standards under & project on the compilation of atomic energy levels
derived from the analyses of optical spectra.

Volume I, published in June 1949, contains the energy levels of 206 spectra of the elements
Hydrogen through Vanadium, Z=1 through 23. Volume II, completed in August 1952, includes
similar data for 152 spectra of the elements Chromium through Niobium, Z=24 through 41.
Volume III covers the elements Molybdenum through Lanthanum, Z=42 through 57; and
Hafnium through Actinium, Z=72 through 89. It includes 124 spectra, and is identical in
arrangement with Volumes I and II. The form of presentation is that recommended by the
majority of interested scientists who received a questionnaire proposed by the National Resesrch
Council Committee on Line Spectra of the Elements, when the program was started in 1946.

The manuscript has been prepared by Charlotte E. Moore under the direction of William
F. Meggers, Chief of the Spectroscopy Section of the Atomic and Radiation Physics Division.
The success of this project has depended heavily upon the cordial and continuing collaboration
of the many apectroscopists who have made an unusual effort to furnish data in advance of
publication. Their efforts together with the unfailing cooperation of the National Research
Council Committes are greatly appreciated.

Perhaps the most difficult phase of this extensive program lies ahead. The two groups of
rare-earth spectrs (58 Cerium through 71 Lutetium, and 90 Thorium through 100 Fermium)
remain for Volume IV. At beat, the preparation of this Volume within the next few years will
tax the most experienced and :slented workers available. These spectra are the most intricate
and least known of atomic spectra. Consequently the type of collaboration we have enjoyed
with qualified spectroscopists in the preparation of the first three Volumes of the “Atomic

Energy Levels” series will have not only to continue but be substantially augmented if the

fourth Volume is to be brought to satisfactory fruition.
A. V. Astix, Director
WasmineTon, D. C., July 1, 1957,
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1. Introduction

The present Volume is the third of a series being pre-
pared at the National Bureau of Standards in continuation
of a project started in 1946. At that time the National
Research Council Committee on Line Spectra of the
Elements met to discuss details regarding the preparation,
in the Spectroscopy Section of this Buresu, of & critical
compendium of Atomic Energy Levels. The need for

such a program was stressed because Bacher and Goudsmit
did not contemplate revising their very useful book on
“Atomic Energy States as Derived from the Analyses of
Optical Specira,” published in 1932. The demand for
these Volumes has abundantly justified the need antici-
pated by the Committee in formulating and supporting
this extensive project.

2. Scope of the Present Tables

This Volume covers the elements Mo to La (Z=42
to 57) and Hf to Ac (Z=72 to 89), thus completing the
Periodic Table except for the two groups of rare-earth
elements, which will comprise Volume 1V. Pending the
completion of Volume 1V, which is by far the most difficult
of all, a current list of references to analyses of rare-earth
spectra is included here in Table 33, p. xxx11.

In spite of requests to increase the scope of the tables
it has been decided to retain the general format of Volumes
T and II throughout.

As the utomic number increases, the spectra become
more complex. Because of configuration-interaction and
breakdown of LS-coupling it i8 increasingly difficult to
make term-designation assignments that are significant.
Consequently, the present Volume has many more miscel-
laneous levels than are found among spectra of lighter
elements. It is hoped that this compendium will provide
useful data for workers intereated in future studies of the
general problems of configuration-interaction and coupling,
even though many of the spectra are incompletely
analyzed.

The important subject of hyperfine structure is handled
only by general references to bibliographies on the subject.
In the present Volume the publications by Walchli {1)*
and by Klinkenberg [2] replace the earlier bibliographies

by Mack [3] and by Meggers (4] for many spectra. In
addition, selected papers are listed for a very few apectrs,
patiicularly if they do not appear in current bibliographies
summarizing hyperfine-structure data. Workers in this
field will find theae Volumes serioualy inadequate.

Since these tables do not include the lists of observed
spectral lines from which the atomic energy levels are
derived, the users must consult the individual papers on
the analyses of the separate spectrs for wavelengths,
intensities, and line classifications. This difficulty is being
bandled, in part, by the preparation of “An Ultraviolet
Multiplet Table” (5] for selected spectra. Each Volume
of “Atomic Energy Levels” is accompanied by a Section
of the Ultraviolet Multiplet Table covering the same
range of elements. Section 3 of this Table is now in
course of preparation. For multiplet data on individual
spectra in the wavelength range longer than 3000A the
“Revised Multiplet Table” [6] will suffice to some extent.
A revision of this 1945 edition is in course of preparstion.

Urgent requests for Grotrian Diagrams to accompany
these tables have been met in part by the preparation of
selected Partial Grotrian Diagrams of Astrophysical
Interest, accompanied by tables of related lines in indi-
vidual spectra of the isoelectronic sequences represented
by the disgrams (7).

3. Arrangement

The arrangement of the data in the various columns of
the table, and the notation are described in detail in
Volume I, and will not be repeated here, since the same
style has been followed throughout. In general, all levels
of the “odd” type are printed in italics.

The letters in parentheses following the literature refer-
ences have the following mesning:

1P Ionization potential.
T Terms.
CL Classified lines.

t Figures in hrackets indicate liternture refarencss on p. IX.

.

T ST m e e

GD Grotrian diagram.
ED Energy diagram.
ZE Zeeman effect.

IS Isotope shift.

hfs Hyperfine structure.

Theee letters describe briefly the scope and content of the
paper. If no such letters follow a reference, the paper is
mentioned in the text for the spectrum in question. For
example, in general no letter accompsnies references Lo
theoretical papers.
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4. Tables of Predicted and Observed Arrays of Terms

As in the preceding Volumes, for complex spectra whose
analyses are not serioualy incomplete, arrays of observed
terma follow the individual listings of atomic energy levels
in the table. Similar, but more extensive, arrays of terms

predicted by theory for spectrs of the different isoelectronic
sequences are included in Tables 1 to 32 (pages xn to
xxxu) as follows:

Table Sequence Table Sequence Table Sequence Table Bequence
1 Mo 9 Bn1 17 Ta 1 25 Tl 1
3 Te 1 10 8b1 18 W 26 Pb1
3 Ru1 11 Ter 19 Re 1 | 27 Bi 1
4 Rh 1 12 I 1 20 Os 1 ) 28 Po 1
5 Pd 1 13 Xe1 21 Ir 1 29 At 3
[ Ag 1 14 Ba1 a2 Pt 1 30 Ron1
7 Cd 1 15 La 1** 23 Au1 31 Ra1
8 In 1 16 Hf 2 Hg1 32 Ac 1

I-aders indicate that predicted terms from additional
electrons have been omitted.

For the Xe 1 and Rn 1 sequences the tables give pre-
dicted terms (LS-coupling) and predicted pairs of levels
(Jl-coupling), as has been done for the preceding spectra
of the inert-gas type. The pair-coupling notation in the
general form suggested by Racah [8] has been adopted as
before, to take into account the departure from LS-cou-
pling.

In the arrays of predicted terms the order follows in &
general way that of the limit terms of the first spectrum
of the sequence. Consequently, in successive Volumes
the arrays are not identically arranged, since different
configurations and limit-terms predominsate as Z increases.

Predicted terms in configurations involving equivalent
electrons are summarized in a number of general references
to atomic spectra. {9]

5. The Periodic Table

5.1 The Chemical Elements by Atomic Number; Ioniza-
tion Potentials (Table 34)

Requests for ionization potentials have exceeded all
others for data in these Volumes. A number of those
published in Volumes I and II have subsequently been
revised. Ionization potentials for all spectra in Volumes
I, II, and III, so far as known, are listed in Table 34,
which supersedes those published earlier. Column one
gives the atomic number Z; column two the chemical
symbol of the element. Successive columns contain the
ionization potentials of the atoms or ions in successive
stages of ionization, 1 denoting first spectra (neutral
atoms); 11, second spectra (singly ionized atoms); etc.

Throughout these Volumes the ionization potentials
are derived by multiplying the limit in em™ (K) by the
convergsion factor 0.00012395, to express it in electron
volts. This factor was recommended by Birge in 1941 [10]
and adopted by the Joint Commission for Spectroscopy
in 1953 “to conform to the standard book ‘Atomic Energy
Levels’. With the 1951 values of A, ¢, and ¢ the value for
A is between 12396 and 12397”. (11, 12}

The writer takes this opportunity to point out that she
misquoted the limita for the spectra of the C1and N1
sequences in Volume I. The resulting corrected ioniza-
tion potentials are included both in Table 34 and in the
list of corrections facing blank page 238.

Although series are not known for all the listed spectra
of & given stage of ionization in the respective periods of
the Periodic Table, yet it is possible to derive fairly reliable
limits in cases where well established series are known for
neighboring spectra. Russell has discuseed this for the
group of second spectra from Ca to Zn [13]. Similarly,
Catalén and Velasco [14) have determined limits and
ionization potentials for the first, second, and third spectra
of the iron group. Catalén and Rico give similar data for
the first and second spectra of the palladium group {15].
Rico has generously furnished revised values for the
second spectra of this group, and for the third spectra
Y mx to In 1, in advance of publication (18].

From a study of screening constants, Finkelnburg and
Humbach have interpolated ionization potentials for the
entire periodic table {17].

P> ©
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852 The Chemical Klements by Chemical Symbel
(Tuble 35)

For convenience of cross reference, the chemical ele-
ments are listed in Table 38 in the alphabetical order of
the chemical symbol. This Table is identical in form
with Table 24 in Volume I, and Table 19 of Volums II.
It includes the four additional elements, 99 Einsteinium,
100 Fermium, 101 Mendelevium, and 102 Nobelium,
whose names have been adopted by the International
Union of Pure and Applied Chemistry Commission on
Nomenclature (Section of Inorganic Chemistry).

5.3 The Periodic System (Table 368)

Table 36 is identical in form with Table 25 of Volume 1
and Table 20 of Volume II. The general arrangement is
similar to that given by Condon and Shortley on page 333
of “The Theory of Atomsic Spectra’ [18).

5.4 Index—Isoelectronic Sequences (Table 37)

This table is the index to the data in Volume IIJ, i. e,
the spectra from Mo through La and Hf through Ac,
arranged similarly to the indices for Volumes I and II.

Column 1 gives the atomic number Z followed by the
chemical symbol under the heading “Element.” The
remaining columns indicate the successive stages of ioniza~
tion under the general heading *‘Spectrum,” 1 denoting
first spectrs (neutral atoms), 11 second spectra (singly-
ionized atoms), u1 third spectra, etc. The numbers in
the body of the table indicate the page on which the data
for the individual spectra may be found.

In this table, isoelectronic spectrs appear on the
diagonals. Alternate diagonals are printed in bold face
type to emphasize the spectras of each sequence. Blanks
occur for spectra in which structure is not yet known.

No isoelectronic sequences are carried into the rare-
earth groupe of spectra in this Volume, but they will be
continued in Volume IV for the two groupe of spectra of
elements with Z>57 and Z>89, respectively. The
isoelectronic sequences in this part of the periodic table
are, in general, very short. Thoge started but not com-
pleted in Volume III are as follows:

Sequence | Spectrum || SBequence | 8pectrum

Cs 1 Ce1v Fr1 Th v
Ba1 Cem Ra1 Th
Laa Cen Ac1t Thn
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Tasin 83. Raranaucas vo Rann-Eanrs Srsorsa
The numbers in the table indicate the references in the bibliography below

4 El
) ¢ n 11 v vl
88 Ce 1,310,311\
5 Pr 312 33
0 Nd 17,81, 83 17, 28, 31, 32
62 Sm 9 '
o4 Gd 17,30 30
s Er 12 12, 88
71 Lu 8,20 7
] Th 13,31 17, 23, 81 19,29 18, 21
92 U 6, 18,16, 31,38, 34 8,6, 23, 31,33 33,34 18
™ Pu 4, 12§, 23§ 4,14
98 Am 12,13 12,13
96 Cm 11
§Paper refers to the specira of the element, in general.
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TasLs 386. CumumicaL BrusoLs

8ymbol Z | Symbol Elsment Z I8y sl Element Z || Symbol Element
Ao 80 Er Erbium 68 Mg Magnesium 13 Rn Radon
ﬁf 47 Es Einsteinium 99 Mn anese 25 Ru Ruthenjum
13 Eu Bm:n 63 Mo Mol um | 42 8 Bulfur
Am 95 F F1 9 N Nitrogen 7 8b Antimony
Ar 18 Fe Iron 26 Na Sodium 11 Se Seandium
As 3 Fm Fermium 100 Nb Niobjum 41 Se Selenium
At 85 Fr Francium 87 Nd Neodymium 60 8i Silioon
Au 7 Ga Gallium 31 Ne Neon 10 8m Samarium
B 5 Gd Gadolinium 64 Ni Nickel a8 8n Tin
Ba 56 Ge Germanium as No Nobelium 103 8r Strontium
Be 4 H l&mu Np Neptunium 93 Ta Tantalum
Bi 83 (D um) 1 0 &xzsen 8 Tov Terbium
Bk 97 (T Tritium) Os um 76 Te Technetium
Br 35 He Helium 2 P Phosphorus 15 Te Tellurium
C [] Hf Hafnjum 72 Pa Protactinium 91 Th Thorium
Ca 20 Hg Meroury 80 Pb Lead 83 T Titanjum
Cd 48 Ho Holmium 87 Pd Palladium 46 Tl Thallium
Ce 58 ) ¢ Iodine 53 Pm Promethium 61 Tm Thulium
Cr 98 In Indium 49 Po Polonium 84 U Uranium
a1 17 Ir Iridium 77 Pr ymium{ 59 v Vanadium
Cm 96 K Potassium 19 Pt Platinum 78 w Wolfram
Co 7 Kr ton 36 Pu Plutonium 94 Xe Xenon
Cr M La Lan um 57 Ra um Y Yttrium
Cs 55 Li Lithium 3 Rb Rubidium .14 Yb Ytterbium
Cu ] Lu Lutetium 71 Re Rhenium 75 Zn Zinc
Dy 66 Md Mendeloevium | 101 Rh Rhodium 45 Zr Zirconium
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MOLYBDENUM
Me1

43 dlectrons Z=43
Ground state 1926 29" 382 35° 3d® 42 4p° 4d° 52 S,
a’S, 57888 K I. P. 7.10 volts

The analysis is, for the most pert, by Kiess, who started work on Mo 1 some 35 years ago,
when he first became intereated in Cr 1 and Cru. After the discovery of the first multiplets
of Mo 1 the analysis was postponed because of the need of further observations. About 8
yeoars ago Kiess and Miss Harvey resumed work on a new description of the spectrum including
Zeeman observations. The present line list extends from 2000 A to 11850 A, and includes
about 7500 lines, of which about 80 percemt are classified. The Zeeman observations are
from spectrograms rmade at the Massachusetts Institute of Technology, ss well as the National
Bureau of Standards. Some observed g-values in the table are means of as many as 10
daterminations.

Observed intersystem combinations connect the terms of different multiplicities. It is
one of the few spectra in which four multiplicities are known.

In » spectrum as complex as Mo 1 it ia particularly difficult to assign configurations. The
low even configurations are discussed in the 1952 paper by Trees and Miss Harvey. The odd
ones are tentatively assigned, in many cases. Configuration-interaction and the resulting
perturbations complicate the problem. Since the work is still in progress some of the numbers
in column three used to designate miscelisnsous levels are subject to replacement by term
designations. Consequently they do not run continuously.

The limit is well determined by the ns 'S series of three members (n=5 to 7).

A Monograph on Mo 1 is nearing completion.
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H. E. Walohli, A Tabls of Nuclear Moment Data, Osk Ridge Nat. Lab., ORNL~1469, Suppl. II, 29 (1955).
(Summary his)

C. C. Kiess and M. M. Harvey, unpublished material (June 1956). (I P) (T) (CL) (Z E)
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Config. Desig. | J Level Interval Oba. ¢ Conflg. Desig. { J Level Interval | Obs. g
(e B)5e «8 | 3 0.00 1992 || 4d*(a F)bs U | 3 dosma | gy 0. 890
1
e B)5s e | 3 | 1070833 1. 980 4 | 27765 o0 —870| 3 @)
s a'D | 0 | 1006597 17686 | 0000 | 4dvse LG | 3 [amasa7e | _, o | 003
1 1428y | 279881 ) 490 4 |2m3arm3 | ALY Lo
2 | 11454 43 59| 1 4g8 5 | 2136 73 L 219
8 | 188884 | 30412, 14s8 .
1 | 13346 31 1488 | 4desaa'D)sp | 5 TR 0 |1rsesas |y g
We)ts | a'G | 2 106408 | oo f 033 2 |ess0ei7s | 392 3812
3 96 0n®l aums 3 |seas 1 | 18401 140
4 | 1674773 BTl L1a 4 |so17008 | 33298
5 | 16784 60 38T Las 5 | 29781 16 1. 496
6 | 16783 96 1. 318 6 | 30496 07 491 | 513
Ad(a *P)Bs 0P | 3 18238 | 5| 1636 | 4aDEe a1 | 6 |28341.08 1.015
1 |18479.65 | ~1B 13| g 44 || wsa®)Ep 0P | 1| seris e 12131 | 2590
. . 1. 831
4d*(a *D)8e D | o | 1996985 160 53 |~ 087 3 | 88923 66 87.06 | 1 664
1 (2013038 | 180831 579 -
2 | 20281 03 S| 1837 || ariarFse cF | 2 |28z | L. Loz
3 B4 | _ 89511 1405 3 3015073 | 317881 1oso
4 | 20157. 90 1. 482 4 | 30501, 08 1111
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4 | 21153 84 05981 Lost i P
5 | 21343 15 1313 || 4d¢Sea*D)5p | y 'P 2 | 8189096 | gy 5| 2273
1 . 1.
Ads 59 a’F | 4 (2881652 | . 00| Lu7 4 {91525 | 37997 573
3 | 33668 12 P8 Lomw
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360. 44
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1
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35169. . 1. 346
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3 | 2887188 | W51 1502
4 | 26320, 38 1736 | 4 c'H | 6 |80l | o 5| 109
- 1.
AP (a P a'F | 5 |2000588 | o o | 1304 4 3504208 | —130.00} g7
3 | 30180 48 | = 0216 | 1307 | advbeaDisp | 50D0 | 0 | 57108 14 16486 | 9000
2 26336. 87 52, 05 1. 031 1 87298. 00 286, 23 1. 489
1 | 26283 82 2 |aoroes | G053 141
. Y 1. 4
4d%(a ‘P)Se b P (lJ %ﬁ 1138 —gs, L 1 | 384¢8 i0 454.63 | | 492
2 (2741527 | 1000.37 | ;44 4d'5a(b*D)Sp | y'D° | 0 | 3736569 | gac oo | 0.000
1 87801. 56 620: 71 1. 491
4d' 58 a'G | 4 | 2683582 1014 3 |assezee | 820711 147
3 89159. 89 755‘ 75 1. 251
4d%(a D) 8¢ BsD | 3 | 2063884 | )54 1234 4 | 39915 64 : 1. 463
1 | 2736285 | —903.85! ;o9 1°| 1 | 3862660 1. 443
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Me 1 —Continued Me I—Continned
Config. Desig. | 7 Level Interval Obe. ¢ Config. Deig. | J Level Interval | Obs. g
4d%(a *C)5p 23G° | 2 | 38983 40 0438 | 4deSsaH)Bp | yoH® | 3 | 43897.58 0. 554
3 | 39121 48 mRl Lo 4 | 44019 35 U282 | aser
HE vy 311 158 58 o |40l | 38043
o | 3968 19 76.98 7 | 0550 | N0
s 8e(0)D)Bp | z%P° | 1 | 39358 58 2485 || arBeaH)Bp | yiGo | 8 | 43975 50
‘ 2 |ss4en74 | (4101 1 60e Y ¢ |4s400es [ 338971 4 o7
3 | 39560, 54 . 1. 283 5 | 44750.7% - 1170
a ¢l 6 | 3952100 0.982 || 4@ D)sp e | 1 | 44041.09
v 3 | 44684 59 28| L
4% ‘G)5p d0H | 7| 30000.08 | _g5 18 3 | 44921.04 i
5 | 408734 | ~132 L1 W@®)sd | e | 1 | 4403578 Ll
4 | joos7 67 | 30097 2 | 44940 39 L8
3 | 39749 93 3 | 44947 26 8871 1o
4 | 44957 21 98| 1es0
4d%(a *8)6s ¢« | 3 | 3967542 1. 992 5 | 44970 10 | 1008
SR LN EL o I 4° | 2 | 45988.68 |
2 | 39821, 49 4154 ) 348 | 4daC)5p 23G° | 3 | 46414.90 i as | 0794
, s |4sss6.08 | M-381 1108
4 SD)Sp | & 1F | 2 | 39080, 10t 1. 350 5 | 46835 68 | 1100
4 | 40848 53 1256 || M BsbP)Sp | wiF | 1 fﬁﬁ' 8 | _gp 74| 0 l04
A S5e®dD)sp | 2'D° | 1 [40087.01 | o000 | 0.781 3 | 483570 | 259 1ie2
2 |4oses 27 | 52928| | 160 4 | 468689, 67 1. 334
3 | 40984 11 . 1278 5
2 | 2 | 4024084 Add(a ‘D)5 z3F | 2 | 4571001 0. 890
4 P 3 | 45088 52 ;WS L0
1d(a *P)5p 2D | 4 souse. 36 Lo 4 | 469689 21 1 135
2 | 4osss 85 |~ 1 414 || araw)sd esD | 4 | 45785 69 —708
1 | 40098 46 | 130391 1303 3 | 45792 77 -1
0 | 40736.00 . 0. 000 2 | 45800 16 s
1 | 45805. 47 -y
A (a B)6e e | 2 | 4081028 0 | 45807, 37 .
4d%(a *G)8p e |1 41011 742 snz7| 138 | 4B 338° | 1 | 45884 883 2. 048
- 19240 L
P|dsed | mim| L8 | PP | DT L et | s Lo
5 | 41847.71 | —47.83 0 |35 3 | 46808. 47 506.69 | | 275
3° | 1 | 41898 48 1. 067 5° | 4 | 46136 08
4d¥(a 4G)5p gy | 2 | 41484 64 0.781 || 4da'F)5p o 0F° | 1 | 46447.97
3 | 41848097 | 385481 1 084 2 | 4645283 aae
4 | 42081 59 . 1. 225 3 |4aie5. 42 | 40289
4 | 4675650 1. 304
wemy | om0 | | 000 :
2 |4gee7. 41 | 81211 a2 6 | 4 | 46690.07 1. 160
3 |4t4ssq0 | 184901 1425 i
4 | 42741 82 1 403 7o { 1 | 46720 22
4d'(a ‘G)5p s SH® 4 |4z e o730 | 0851 8° | 2 | 4675490
6 | 42345 98 61.75 | 1258 || 4a@Dsp 0 | 8 | 406108 | giq 7y | 0908
4d%(a G) 5p 3%6° | 3 g%g. 08 220,89 | O 884 7 | 47492 %0 82114 | gy
- 74860 | L
5 | 43945.6 1359 | 4d(a*D)5 wiF° | 2 | 46874 62
45.64 (@*D)5e 3 | 46926, 40 51.88 | 4 go3
G Disp =F 43045. 53 1. 030 4
PR | BB LI oDy e g e s
5 | 43899.08 | —20.77T} 1 363 3 | 47184 58 74.34 | ) 290
4 Sala E)Bp | 310 | 4 | 4360854 731,00 | 0779 9° | 3 | 40955 84 1. 66
g ’ ) 10° | 1 | 47088.81
8 e | 2 1 4705174 0.917
° Y ° ° ° ° °

oPYys

®




¢ ®
Mo —Continued Mo 1—Continued .
Coafg. Deslg. | J Level Interval Obe. ¢ Config. Desig. | J Level Interval | Obe. g .
12° 47064. 69 113 4d' Ba(bG)Sp | ¢ F° 49189. 71 e se| @31
19346. %0 13051 12
18° 47177, 12 49468. 05 1 216
4960083 | 13378 34 &
WSO PSp | viG° grsesit | yumal e 4005068 | 5988 1352
. 98 03
pas | | L8 ol B L
47704 08 1. 30 4d' Ba(a H)Sp | y oI 0. 80 wrs| 0O14
49400, 38 10T 1
14° 47848, 15 1. 164 49665, 13 1122
15° 47288, 23 29° 49969, 50 1. 475
16° 47384 96 00 4d' Ba(b P)Sp | w'P° %ff I | gap gy | 2378
17 §7408. 33 0. 889 5190999 | 19808} 7 66
18° 47491. 68 1112 30° 48696, 64 1. 008
19° 47587 58 112 4d'Ss(a'D)6s | 7 D 4960820 | g0y gp| 2 990
2° 47710.81 1. 06 soiss. 50 | 32321
soroa 3¢ | B2 113
21° 47718, 85 51275, 69 L 611
4ds Sa(cD)8p | v D° 47779, 41 205 85 | 0076 || 4@ 'Psp u IF° 49801. 41 .
48085, 268 1. 044 4975983 | 11581 1 o061
48206, 95 120.69 | ' 37 50134, 24 L4l 90
22 47848. 40 4d¢ 3e(b‘G)8p | w3G® 19863, 45 L 054
4d¢ Be(cD)5p | u oF® 48022, 23 $odsr 55 | 190 195

R ke = ROUR M O e B W B ) mNWRTT RN RO N At O RRGINN Bk WM b NOR 0 AN~

'-"-‘GQhﬁﬂﬁ'-NOQ‘*Q“N—O“hw»@“ﬁh‘@#“»—““u—ﬂbh’ﬂih‘cﬁﬂﬂﬁ*ﬂﬂﬂﬂ

4788728 | 298 b3 * %
is028. 22 Toi 82 | 1288 31° 49880, 46
: 855.39 | v o
48547, 44 1.370 || 4d48ecD)Sp | # 'P* 49999.48 |_ 1080 11 172 H
A . 61
AP D5p v H 4910.73 | aael o0 soris g7 | 93833| 95
48400. 26 21104 | ;'l95 | 4da'DBp s K®
50£76.88 | _410 101 1046
23° 48098, 89 50595, 93 . 0. 968
24° 48120. 58 1.20 4dv(a'8)6d ¢ D s0364. 30 40,98
4
Ad%(a *F)5p v IF ﬁ;gg- 2 10070 | 758 50371, 74 | —4831
AD(a*S)Ta 78 48367. 66 32° 50482, 46 1.07
4ds Ba(c*D)5p | v D° 33° 50625, 18 1.23
48410. 88 —2 10
AN TIRT o | 3 |somacs
. 338, 34
48870. 44 1. 454 35° 50769. 72
48(a 3G)8p z 'He 48622, 08 196,89 | 0 926 36° 50770. 12
igs18.07 | 395831 oe72
49061, 73 1. 108 37° 50801. 61 1. 083
A (a *8)7s 78 48742, 20 38° 50925. 56
25° 48775, 48 4d' Se(a*H)5p | wiH® 50963.80 | 4oo g2 | 0997
51758, 42 . 1. 05
4 Be(dC)5p | z 'G° gggg. ﬁ 13190 | o g0
. 149, 45
4o148. 00 isg 20 | L 164 39° 51070. 84
: 106, 56
49408, 64 1,150 40° 51165, 07
AB(aT)5p s 1He 48922, 21 0.970 41° 51294 16 1. 26
26° 48965, 80 0.77 42° 51404 83 1. 675
27° 49169, 81 43° 51685, 89 1. 040




Mo I—Centinned Mo 1—Continned
Coaflg. Deaig. | J Level Interval Obe. ¢ Config. Desig. | J Level Interval | Oba ¢
“ | 3 | s1075 27 L 140 83° | ¢ | 53885 20 117
4°* | 3 | 51008 .89 088 84° | 5 | 53987. 50 114
46° | ¢ | 51858 %0 85° | 4 | 63964. 53 1. Ot¢
AT* | ¢ | 51858.88 1258 86° | 1 | 5418434
48° | 1 | sis78. 08 0. 87 87° | 4 | 54202 23 L 04
49° | 3 | s1884 52 1.13 88° | 1 | 5434100
50 | 3 | 61391.80 0 56 80° | 2 | 5434200 1.48
51° | 4 | 520085. %0 1. 268 90° 1 | 54581 12
83° | 2 | 5208309 91° | 1 |s4571.78 0.75
58° | 3 | 8213563 091 92° | 5 [ 64704, 84 ¢ 911
54° | 3 | s:82.01 1.34 93° | 7 | 54788 58 110
85° |\ 4 | 6240479 1.16 94° | 3 | 54899 36 0.31
86° | 2 | 6244017 95° | 3 | 54889 12 0 84
57° | 5 | 5244138 96° | 4 | 88025 75 1. 050
58° | 2 | 52443.57 112 97° | 5 | 56139.74 0. 968
50° | 5 | 52465 36 1. 088 98° | 8 | s5927.00
4d* Ss(a*D)6s | 1 D ? 90° | 3 | 6535281
§ 100° | & | 55387.34 112
4 | 5477.60 101° | 4 | 656529.85
60° | 4 | 52579.34 1. 055 102° | 4 | 65907. 71 L0
81° | 5 | 52667, 27 118 103° | 5 | 56975.98 110
62° | 2 | &2740. 61 4d%a *H)5p y'H° | 5 | 5618171 0. 9
63° | 1 | 52746.93 104° | 3 | 66380.79 0.03
64° { 3 | 52902 26 4d%(a *H)5p s1° | 6 |56716.58 1. 00
85° | 1 | 52941.96 105° | ¢ | 66890. 71 121
66° | 3 | 5296476 106° | 4 | 5694578
67° | 4 | 63005.71 1.35 107° | 5 | 67029, 81 0.98
68° | 5 | 53112 20 1. 40
o | 6 |ssiss e L o4 108° | 3 | 6714426
700 | 5 |63197.79 1324 [ Mou(8ud Limit |- 57260
71° | 3 | 58226.86 1.01 109° | 4 | 67818.12
72° | 6 | 53290.73 110° | 4 | 58090.10
73° | 3 | 58305 79 111° | 8 | 58192 82
74° | 5 | 53327.30 112 | 6 | 58525, 71 115
75° | 4 | 6347886 113° | 5 | 58998.62 0.88
76° | 1 | 63488.00 114° | 3 | 69298.59
77° | 3 | 58588.78 1.43 115° | 2 |50248.76
78° | 3 | 53596. 18 1.18 116° | 5 | 59436.61 107
79° | 7 |6%636.76 1.128 117° | 5 | 59612 38 1.0y
80° | 3 | 6304884 137 use | 5 | 59841 11 0. 930
81° | 8 | 63735 87 119° | 6 | 60192 00
82° | 4 | 53800.48 149 120° | 7 | 61470. 51

June 1956,
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Menn
(ND 1 sequence; 41 slectrons) Za=43
Ground state 15* 2¢* 2p° 30° 3p* 3d™ 44* 49" 4d° Sy
o 'Sy 130300 K [. ¥ 16.15 volts
Since 1932 no extensive work has been done on Mo 11 except st the National Buresu of
Standards. A detailed description and analysis have been completed by Kiess especially for
inclusion here, and a Monograph has been completed.
His obeervations extend from 2000 A to 6000 A, supplemented by several hundred lines
to shorter waves, measured on spectrograma furnished by Boyce and by Shenstone. Altogether,
about seventy percent of the known Mo 11 lines have been classified.
The observed g-values have been derived from Zeeman spectrograms taken at the National
Bureau of Standards and at the Massachusetts Institute of Technology.
The limit is from Catalén and Rico, who have interpolated it from data on second spectra
from Sr to Cd.
The prefixes a, b of the limit tarms of Mo 111 as given in the table arc tentative. The
terms of Mo 111 are very incompletely known, and the prefixes have been arbitrarily assigned
for convenience in describing the configurations in Mo 11,
The present Monograph by Kiess represents work covering a span of 35 years, culmi-
nating in the classification of more than 2600 lines. Numerous observed intersystem com-
binations connect the terms of different multiplicity. It is noteworthy that Kiess has found
14 of the 16 terms expected from the 4d* configuration.
REFERENCES
M. A, Catalén y F. R. Rico, An. Real S8cc. Esp. Fisica y Quimica (Madrid) [A] 48, 328 (1952) and letter (Decem-
ber 1956.) (I P)
C. C. Kiess, J. Research Nat. Bur. Std. €9, 375, RP2856 (1988). (T) (C L) (Z E)
Mon Mon
Config. Desig. | J Level Interval Obe. g Config. Desig. | J Level Interval Obe. g
w a8 | 2% 0.00 4d'(a'D)8s | 5D | 0% | 2487213 | g7 g | 0088
1% | 24659. 20 15307 | 1194
4'a'D)ss | a*D | 0% | 1178338 | o00 40 | 3301 2 2811227 | 3291 | 1269
1% | 12034 06 383 22 1 847 3} | 25341. 58 g 1. 887
34 (1200038 | #8306 | 133 “w aF | 3% | 2450080 L 130
4% | 1346070 | 56037 | g3 2% | 2483600 | —326.79 | 1 g5¢
4 ‘G 2 15199. 25 4d'(a *H ‘H 3 26041, 18 0. 798
U\ | Y SR | | g ) e
5% | 15446 97 19.24 o% | 2711383 | 37436 | )18
o P 2 15691. 32 1. 598 4 1G 4 26068. 60 1. 085
* 18 15699, 16 | _ 7. 94 * 3 | Ton0s o | —%ror | 788
0 15890. 12
4d*(a *P)5e b P 0% | 26603. 55 1024, 00 2 530
44 e D | 0% | 16796. 14 377.06 | 0738 1% | 27627.85 | je00 g7 | 1700
1% | 17174 10 7000 | 1391 2% | 20022 12 L 574
2% | 1734410 | 07 00 | 1.433
3% | 16046. 78 . 1. 404 i bIF | 34 |27410.80 | _,ea gg | 1148
2 | 27878 89 0. 800
44 atD 2% | 22444.36 | _ 420, 00 1. 082
1% | 22864. 36 0. 688 4 a'H | 5% |27627.00 | _ov 6 | 1086
4% | 27724. 69 : 0. 987
4 a’l 5% | 22980. 48 267. 71
6% | 23248 19 . 4d'(aF)6s | bF | 1% | 28883 69 —687 | 0529
2 | 28876. 82 112 14 | 1085
4ds aF | 4% | 2383286 | _ o .9 | 1300 3i | 28988 96 4501 | 1135
3% |23853.35 | “gror | 1.219 4y | 29034. 17 - 1.278
2% | 23934.86 | o009 | LOI8
1% | 24137. 65 0.514 4d a3 | 0% | 28950. 36 1. 968
L ® e ® ® @

@ o@e @




Me 1—Ceatinned

Conflg. Desig. | 7 Lavel Interval Obs. g Config. Desig. | J Level Interval Obs. ¢
WGt | 4G | 3% | 20600 32 0 758 4d4(a 'P)5 D° | 0% | 57319, 55 0. 200
‘ ER AR AR LU e | | s
5% | 30391, 28 177.83 | | 208 3% | 60702 16 | 135423 | ' 30g
i | o I W (Sl te | mes: | QT3 | WMeE)p | s B 3% | s7a0m 08 2403 | 0000
8% | ss760.95 | 53437 | 110
v ) | IWIB S | _gq 7y | L 113 6% | 69491, 83 1. 206
@8y | 8 | 0% | 58597 00 1. 651
A vE)Be | VUH | 4% | 3304837 | 00 | 083
5% | 33601, 07 1. 057 4¢P | s G0 34 | so0ss. 3| g5 | 001
M @'C)8e | B3G | 3% | 3314630 | 0014 | Q004 1] sozer.00 | 14868 | o ges
4% | 33254 46 1. 043 81116, 18 1.210
e 'D)e | @ D 3g 23800 72 |~ 44 | 130 | AREUDI | s 4 0007078 | yaua7s | L0
1% (33525 16 | _34458 | | 330 6% |a1657.76 | 122 | 08
0% | 33805 06 0. 021 7% | 62151, 66
Ad@'DBs | b1 | 6% | 35009.46 | _ 1. 053 4d@'P)sp | sD° | 1% | 59840. 70 0. 8632
( 5% | 35408 02 | —306 56 2% | 6osoe. g7 | 115177 | ' ag5
4@ F)8e | ¢ F | 2% | 36388 80 0 913 4da*H)sp | 51G* | 3% | 60135 37 1.011
3% | 36741.30 | 45280 | 4 g5 4 4% | 6oo7s 15 | 88177 | 1,
AREIO | oG | U | Jaen el | eozas | QI || AF@TS | yP | 04| 0113425 | gy | 2209
’ 2y | 62425 47 968.70 | | 135
A@'D)Se | ¢D | 14 3020045 | o000 | 0800
3% | 39912 98 1. 203 4 'P)5p | s 9P Y| eiris s | gy 4 | 1220
4da'D)3s | dD | 2% | 4142134 | _ ' ’
1% [ 4154200 | 712098 | o761 || 4da'Psp | 2D | 3% |emor7s | 0o | 1252
2% | aesge 27 | 14251 | 1 67 o
@3 | 538 | 0% | 41873 66 1. 903 & osssiof | 30l | o107
v d1G | 3% | 42160.30 | o0 ga .
4% | 42306 82 1° | 2% | 62504 53 114
@ F)Be | d'F | 2% | 42925 34 ad@*H)sp | s1° | 54 | 62728 85 0.902
3% | 42092 18 68.84 |  0gs P 6% | 62980, 24 | 25189 | | op1
ARDIFISe | o F | 1% 4d@'FBp | yF* | 1% | 6300858 | a0 00 | 0890
i 2% | 63s9e.52 | 38994 | 1 003
3% 8% | est0668 | ~2°T%9 | 1 060
4% | 41421216 4% | 63788, 10
sd@Mmsp | s P 0% | 46803.08 | 5o 04 [-0-830 2° | 8% | 83012 24 1. 186
3% | 46614 14 | 9802 | 4305 4@ )sp | yG° | 2% | 6304147 | _ 00 o5 | 0881
3% | 47esro8 | 914 | 3 3% | 62917, 94 B2 Lom
o | 47089 47 | 18249 | s 0206275 | 3381 | 1218
5% | 48969, 68 5% | 63207, 43 1273
eI | ) W |drore g | Sieon | FTIB | 4RGN | yiHC | 34| asseses | 004 | 008
2% | 4886057 | 83313 | o4 32 410,98 U M| 116e
@D | & 0P ;’52 $ooos 5g | serma | 3308 4(a'G)sp | stF° | 3% | 63876 63 1. 105
e 3 a E ] A .
3% | 4948104 | ~137.70 | 1 g1 2% | 6439565 | 5179 | ¢ g3
4d'(a D) s D° | 0% | 48949, 45 3 185 44(a’G) z F° | 1% | 63908 90 0. 535
5 1% | so1ss.00 | 258 | 1 a0a 5 3y |esr07.84 | 2% | 1o
2% | so677.38 | 33538 | o 597 3% | 64s0800 | 3220 | 1208
:% sosorss | ~{R% | L 852 4% | 64326 40 1.258
' 4d'(e*H)Bp | sH | 4% 64130.28 | o o | 0934
4@ 'D)sp | 1 P ;;’z 51970.90 | ase 4 | Q413 5% | 65074 71 1112
2’;2 62817, 30 - L 262 4da'P)sp | 58 | 1% | 64750. 8 1. 926
' 4d'(a 'F)5p 3G° | 3y | 64882 22 1. 040
4 e'D)sp | s D* % g%. 2 us s | 008 y 4% | 65694 91 84269 | | 105
. 5824 | L
3% | 85815, 85 1. 376 4d'(a 'F)5 wFe | 3% | 65260, 05
3k | ss5700.67 | 49073 | |43 Pl 3% | esere. 77 | —11-82 | g g5




j 9
g ®
: Me 1—Centinned Mo 11 —Ceatinued
: Config. Desig. | J Leovel Interval Obe. ¢ Config. Desig. | J Level Interval Obe. ¢ .
& {e'G sHe | 4% | ese88. 58 4d(aB)sp | 3P | 0% | 71906. 30 0 670
(a20)p | ¥ 5& osities | 14307 | 45 Yor W | Tatta 9y | tasaer | TOR
(e D | 1% | 65444 90 0. 700 4D iD* | 1% | 72089. 00 1. 086 o
Poe 1 v 3% | 68032, 31 638.01 | ) ;46 p | v 3% | 7eas9.69 | 19092 | )5 ®
14(e2Q) 24G* | 2% | 65739 23 a 751 4d(e D) oo | 2y | 72484 19
i sg gooar. J‘: B 5 314 | 73032 28 548 00
e63p!. 352 26
86743, 78 1. 200 4@ D)sp | wiP* | 0% | 7854878
e 1% | 74080, 87 503.62 | | 359
3° | 3% | es8s1. 24 1.070 o e | 35 | 74148, 0
: C} % 4 5
A(e'Disp | wiD* | 04 | o373 ﬁ 3579 | | o ? 3% | 74491 64 5. 04
0396 268 5¢ | I
2% | eesa7. 98 1. 289 OF)Sp | ¢ F | 3% | 7474065
3% | 66716, 34 48.36 | ;' 43¢ F)o 24 729:0. 17 | —176.02
Ad('G)Sp | 3 | 3% | 67301 42 1. 130 A0 )5 Go | 2% | 74868 86 .
P 3y | 6765813 | —08 7! il I 22 ;f:?zt A Toe. 2
4d'(a'D)5p | 3 ‘P* ?’52 :Zﬁ. 9 | gy | L1428 5% | 77663, 98 | 1079.33
0% | 69049.75 | —808 00 | g 4o WPty | V0G| 3K | 160
A@G)Sp | 37G° | 34 | 67760.30 | 490 47 | O 9B A ' ‘
4% | es062. 47 1. 150 WO INsp | v F [ P
4 @'D)5p | weFe | 1% | 67821. 60 194 33 3% | 76687, 03 -
3 | osrze 70 | l6a7s 44 | 76037 38
4% | 63388 50 1. 250 womse | w00 |
Ad@Dsp | 87K | 6% | 67888.85 | | .0 00 | 0.933 ol
7% | 69047, 46 4@ P)Sp | » D* o
4d'(a'T) yue | 5% | 68472 84 214 | 76206 57
S i | 6s008.60 | 43576 3% | 76326. 00 118. 43 o
4d(a D) v 'P° | oy | 6s645. 60 0. 768 4d(a )5, D |1
5 1% | 68902 80 257.30 | 420 Fsp | 2;4‘ 80420. 55
4d'a'D)sp | wF° | 2% | 69729. 90 0. 885 4d(b )5 1Ge | 3y | s1626. 97
3% | 70101656 | 371-98 | ) 078 Fse | v 4§ 8265690 | 1029.93
4a1G)5p | 3 8° | 4y | 70008. 84 401G ¢ 9G° | 43 | 83314 88
5% | 7067057 | 96673 or sé s3874 18 | —569.27
4@ 'D)5p | 3 | 3% | 70718 10 441G sHe | 4y | 83964 88
1% | 7073500 | ~%#% | o048 @165 | o Soad | ssre
4@'G)sp | wiG* | 4% | 71011. 20 4G 1G)5 P | 3y | sesse. 2
P 3% | 7119553 | —182 33 ©1Gbp | % 4
@ Dsp | wiH® | 5% | 71640.56 | 87866 | || T TTTTTTTCITTTTTTUopTttUhpTTTTTTTULpOTTTTTTTTTT
4% | 719%0. 38 Mom(Dy | Limit | ... (136300
Fobruary 1958.
o ® ® [ ) ® ® ° ° ) )
K.
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Mon Opazavae Teama®
18 53 L 4 Obasrved Terms
W AP 48 it
Py ] [ ] .n e D 4 [ ] 0
eD &' oG +'H ]
D WP dG
n(n28) np (n28)
wena ] e S A
«H I
wemm b "
¢ s
wonme | s URE
bep D*
wemns | b4 e
b G [ ad
4d'(a 3G)ns { p : pe
ddt(e ‘G)ns »1G z WP°
(e *D)na D Jibe BiDe e
4d%(a ‘Dz 411 y® s'K*
4d'(a 'D)ns etD wiP® 38D°* ¢ IF°
4d'(s B)ns s P
4d%(a 'F)ns a4 utD® yF°
L 4 F°
W0 v . HE
40 P ®
44%(d 'G)nx 2 %F°
*For predicted terms of the ND 1 jscelectronic sequence, see Vol. 11, Introduction, p. xxvi.
o o ® ® o
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(er.m;wm) Z=43
Ground state 1¢* 3¢* 3" 3¢° 3p* 34" 4¢" 49" 44 'D,
44" D, 218000 K 1. P. 27.13 volta

The analysis is from Rico, who has classified 37 lines between 2142 A and 2474 A, from
obssrvations made at Madrid for the region 2200 A t0 3200 A. These have been supplamented
by spectrograms taken at Prinoceton covering the range 670 A and 2200 A.

The ground term has not been found. Combinations from this term are estimated to lie
between 1250 A and 1330 A. Rico has classified 4 lines between 1274 A and 1288 A as repre-
senting transitions from 44* *D,, which he estimates to be approximately 1500 K above the
ground state sero, 44* ‘Dy,. He and Catalén have interpolated the limit by comparison of the
third spectrs from Y to In.

All of the observed energy lovels are relative to this estimated value of 1500 K entered in
brackets in the table. Further analysis is necessary to establish more accurate values derived
from obeerved combinations from the ground state sero. The observed terms have been
found by comparison with similar spectrs in the isoelectronic sequence and with neighboring
third spectra.

Rao also reports 27 classified lines of Mo 11 involving the quintet terms from the ‘F
limit in Mo1v. The two papers have only a few term intervals and lines in common, chiefly
in the ‘F—*G®° multiplet.

REFERENCES

Rao, Indian J. Phys. 38, 368 (1949). (T) (CL)

V. R.
F. R. Rico, An. Real Soc. Esp. Fysica Y. Quimica (Madrid) [A] 88, 188 (1984). (T) (CL)
M. A. Catalén y F. R. Rico, An. Real 80c. Esp. Fisiea y Quimics (Madrid) {A) 83, 83 (1957). (I P)
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<
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Melv
(Y 1 sequence; 39 electrons) Z=43
Ground state 1¢* 2¢° 2p° 34° 39° 34" 48° 4p* 44" ‘T
4 Ty SMIN K 1. P. 46.4 volts
Kliason has classified some 40 lines between 856.00 A and 214098 A. He has derived
the Emit by a linear extrapolation of isoelectronic sequence data. This value in round figures
i entered in brackets in the table.
REFERENCE
A. Y. Eliascn, Phys. Rev. 43, 745 (1033). (I P) (D) (CL)
Melv Melv
Config. Desig. J Level Interval Config. Desig. J Level Interval
'™ ] wr 1 00 o 1 111756. §
B BT | TT B g e
4 asa e | 1099.8 &% | 115sse.7 | 13873
APCF) 5 Se F 1 60803, 4 180Rs SpeD* | O 115790.
" - ) B R A
1 s012 8 | 13373 3% | 1180765 | 4743
@ G | 3 100412.9 | somew M coocemmmeeee e e
e " 2§ ﬂ';”': 3l ; Mo v(Fy) Limit {37419
8% | 1ssre g | 4371 oY o l
April 1951,
® L | ® ® ® ® o
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Mev
(S 1 sequence; 38 electrons) Z=43
Ground state 1¢* 2+ 29" 35* 3p* 3d* 4* 1p* 4" 'F,
4T, 30 K 1. P. 61.3 volts
Thes analysis is by Trawick, who has classified 90 lines between 410.35 A and 2159.30 A.
Heo has extrapolated the limit on a Moseley diagram of iscelectronic sequence data. This
value of the limit, rounded off, is entared in bracksts in the table.
The singlet and triplet terms are connected by observed intersystem combinations.
REFERENCE
M. W. Trawick, Phys. Rev. 48,238 (1838). AP (D (CL)
Me v Mev
Config. Desig. J Level Interval Config. Desig. J Level Interval
“w 4P F 3 0 4d0eD)sp 5p *P* 0 157060
1588 — 444
Ploum | | e | 58
4@ 4P (] 11165 47 44(D)5d 54 D 3 21303¢
1 11812 1601
3 13413 40D)8d D | 3 2380 | _g
3 314671 Zlis
440D)be 8¢ 1D 3 83071 1 214780
440D)3s 8 D 1 932381 33 440D)5d 5d P 1 218874
3 93113 1734
3 94837 4eD)4y 4f oF g 231784 3163
440D)5p 5 P 3 141180 r 241118 6226
440D)sp 5p P* 1 147909 440D)sd 54 °F 2 236714 2387
3 289071 2033
440D)5p Sp 'D° ; :m 2263 4 242104
3 | 1ss041 1829 44D v | 3 | msees |
44CD)8p P | 3 150848 850 5 mcg el
3 151198 2337
4 156088 | BT N e e
440D)3» 5p D°* 2 181760 Mo v1(Dyy) Limit |....... C o
April 1961.
Mov Ossunvep Tuams®
1# 5 38 Observed Terms
39 30 40 '+
4 4 P 44 F
ns (n28) np (n28) nd (n 28) o (n24)
D D* 8dD 5d°F e g*
4(D)na { g P SDe ok | s 54D vE v
*For prodietod terms in the spectra of the Sr 1 isoelectronie sequenece, see Vol. 11 Introduction, page xxin.
i = o ° ° °




(Rb 1 sequence; 37 electrons) Zm=43

Ground state 1s* 24 2p* 3¢ 3p* 34 4¢* 4p* 4d 1Dy,
44D, 549000 K I. P. 68 volts

Sixteen lines have been classified as combinations among seven terms. The obeervations
extend from 206 A to 15895 A. Trawick has published six terms and extrapolated s limit
from isoelectronic sequence data. From recent series data in Zr 1v combined with the series
of Mo v1, Kiess has derived an improved value of the limit, which is quoted here,

Charles has recently reobserved the spectrum between 286 A and 790 A and confirmed
three of the four terms from Trawick’s list, covered by this range. The one exception is
4f 'F°, which be revises. Trawick lists this term as follows:

Desig. J Level Interval
1pe 2 287451
M ) 207565 0

Charles also resolves the members of his 4d *D—4f 'F° group, and adds tentative values of the
6p *P° term.

The measurements common to the two lists are in satisfactory agreement. in the table
the term values from Charles’ paper are quoted, but the two terms 5¢ S and 5d °D are from
Trawick’s paper.

REFERENCES

. Trawick, Phys. Rev. 48, 63 (1984). (IP) (T) (C L)

M. W
G. W, Charles, Phys. Rev. 77, 120 (1950). (T) (CL)
C. C. Kiess, unpublished material (October 1955). (I P)

Mowvi Mo V1
Config. Desig. J Level Interval Config. Desig. J Level Interval
4p(18)4d 4d:D 1 0 4pV(18)6d 34D 1 282837
D) b 2578 2678 #C8) 3 2836324 87
4p*(18) 5 8s 18 0% 119739 4p'(18)6e 6s 18 0% 313810
4 5pP° 0 182, 4p(18, ] od 0%? 336331
p(18)8p P 15}2 '”ggé 4925 pi(12)6p 6p 1’}2’ 237789 1408
4 b 2 F 20T 2 APV | R FU R S
POS)4f 4 3& ol ‘g 408
Mo vi1(18y) Limit |.._.... {549000)
October 1955.
) o ® L ® ® )
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Me v
(Kr £ sequence; 36 electrons) Z=43
Ground state 1¢® 25" 2p* 3¢* 3p* 34" 4s* 4p* 'S,
4p" 'S, 1020468 K 1. P. 126 volts
The analysis is far from complete. Cbarles has classified 6 lines between 136 A and 286 A
as due to transitions from the ground term to levels produced by 4d, 5d, 5s, and 6s-electrons.
The level-values in the table are the rounded-off wave numbers of the observed lines. He has
estimated the limit quoted above by applying a Rydberg formuls to the nssg levels (n=5, 6).
The higher limit in the table has been determined by the writer by adding the intcrval of the
ground term of Mo vin to the lower limit.
As for Kr1 the writer bas introduced the Jl-coupling notation in the general form suggested
by Racah. Charles has noted that the 4d and 5d assignments are open to some question.
Consequently the pair-coupling notation for these levels may need revision.
REFERENCES
Q. Raeah, Phys. Rev. 81, 537 (L) (1942).
G. W. Char'ss, Phys. Rev. 77, 120 (1050). (I P) (T) (CL)
Me viI Mo vu1
Author Config. Desig. J Level Author Config. Desig. J Level
4 4 4p*18 1] 4p( Bs 8 (1 2
P P P P 0 o 4 PP [14]° 2 709450
4 4d 4d 2 4pi(s Gs 6s’ [0%]° 0
id 3 PP (14 2 249290 o a8 P CPhy) (0%} 0 731660
4 Ss 8s {1 N S | R R e R
58 s} PP (sr 1 481290 Mo viu(?Pty) Limit (.. .... 1020460
4p3(3P¢) 5 Se’ [OK])° 0 Mo vin(*Pyy Lami | ._.__. 1043740
5 4 1 502920
4p3(PLe 5d 5d 1 2
5d &7 PP (LA 1 608280
" February 1951.
Mo viu
(Br 1 sequence; 35 electrons) Z=42
Ground state 1s* 25 2p® 34* 3p* 3d" 4s8* 4p° 'P3y
4p° P9, 1235000 K I. P. 153 volts
The analysis is incomplete. Charles has classified 42 lines between 168 A and 474 A as
due to transitions from the ground term to 14 higher terms.
He has extrapolated the value of the limit from isoelectronic sequence data.
REFERENCE
G. W. Charles, Phys. Rev. 77, 120 (1950). (IP) (T) (CL)
o o ® o o ® ® L
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Me vl Me viu1
Config. Desig. J Level Interval Config. Desig. J Level Interval
48 4 4pt 1P 1 0 48 4p*OP)4d 4d F 3
4 ¥ 0 83877 — 4 2 408395
48 4 4p* 8 0! 2338830 42 4p*(*D)4d 4’ D 2 433722
» » % p('D) 1 $44240 —30818
48 4 OP)4d 44 D 3N
K% 3015587 —8863 49 4p'('D)4d 4d’ P 1 445430
1 ;2 310419 Z 9087 0
our 319450
49 4p(18)4d 44'''D 2%? 447888 —6410
40 4pCP)4d 4d P (l) smzu_"m 8090 1%? 454307
2% 377888 6543 48 4p\CP)5s 5 P | 2%
L I S T
40 4p'(OP)4d 4d F ;’}2 0%
2 367822 _ 49 4p\OP)Bs 6s P | 1% 527428 _
1 367967 145 4 0% 15024
48 4p'OP)4d 4d D 1 376122 498 4p(*D)5s 5¢ D % 536850 -
P b 301179 18057 4 1% 548916 13268
42 4p(OP)4d 44 P 0% 40 4p(18)5s 5¢’' 98 [} 595062
1K? 381102
Mo x(*Py) Limit | _..._. {1235000]
February 1951.
Mo viit OsservED TERMs®
Configuration Obeerved Terms
1% 238 2p% 348 3p* 3%+
48 4p 4p1P°
4s 4pt 4pr 18
ns (n>5) nd (n2>4)
49 4p'CP)ne { 3 g% 4D UF
4s 4p'('D)nz’ 5¢' 1D 4d’''P 4d’ D
40t 4p(8)nz’’ 5¢’ 8 44’ D

*For predicted terms in the spectrs of the Br 1 iscelectronic sequenoce, see Vol. 11, Intreduction,

pege xxI.
Mo xvI
(Co 1 sequence; 27 electrons) Z=42
Ground state 15? 2¢* 2p® 3a® 3p* 3d® "Dy
3d* Dy K LP volts

This spectrum has not been analyzed, but Edlén has observed three lines due to the transi-
tion 3p* 3d° *D—3p* 3d° *P°. In figure 4 of his paper on the spectra of highly-ionized atoms,
the observed wave numbers are plotted against atomic number for this combination in the
Co 1-like spectra Rb x1 to Mo xvi. For Mo xvi the wave numbers arc between 1300000

and 1500000 K.
REFERENCE
B. Edlén, Physica 13, No. 9, 548 (1947).
February 1950.
L J ® ® ® ® ® ®
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TECHNETIUM

Tel

43 electrons Z=43
Ground state 15* 24" 2p* 3¢* 3p° 34" 4s* 49" 4d° 54° 'S,
a 'S,y 58700 K 1. P. 7.28 volts

A description of the spectrum was published by Meggers and Scribner in 1950. The next
year Meggers reported the first regularities: 20 terms, 200 classified lines, and an approximate
ionization potential.

The spectrum has since been reobserved by Bozman, Corliss, and Meggers. The present
lina list covers the range 2057.70 A to 8917.74 A. The analysis has been extended by Bozman
especially for inclusion here. His work is still in progress; the tabular data represent only the
results available when the present Volume was concluded for press. The observed g-values
are, also, from Zeeman spectrograms taken at the National Bureau of Standards.

There are approximately 800 classified lines. Observed intersystem combinations connect
the systems of terms of different multiplicity.

Bozman has revised the earlier value of the limit. The present limit is from the
4d*(a *D)ns 4“D series (n=5,6). It has been derived by a Rydberg formula, with a Ritz cor-
rection a=2.0X107%, described in the 1951 paper. It agrees well with the value interpolated
by Catalén from neighboring spectra, 58297 K.

REFERENCES

W. F. Meggers and B. F. Scribner, J. Research Nat. Bur. Std. 48, 476, RP 2161 (1950).

W. F. Meggers, J. Research Nat. Bur. 8td. 47, 7, RP 2221 (1951). (I P) (T) (CL)

M. A. Catalén y F. R. Rico, An. Real 8oc. Esp. Fisica y Quimica (Madrid) [A] 48, 328 (1952). (I P)

K. G. Keesler and R. E. Trees, Phys. Rev. (2) 93, 303 (1953). (hfs)

H. E. Walchli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL~1469, Suppl. II, 28 (1955).
(SBummary hfs)

W. R. Bosman, unpublished material (June 1957). (I P) (T) (CL) (Z E)
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Tel Tel

Conflg. Desig. J Level Interval

f

Config. Desig. J Level Interval

¢

i 5 a8 M Q00

199 || 4%a'D)sp y'P° gg s 07 23| 113
&(a'D)8s «D |4 31280 | g o | 180 1% | sisos9e| —9-%0| 336
3% | 370055 |~ 165 || wreD)sp sP° | 2% | 81987.01 | g5, 06| 189
1 4002 58 | ~30293 | 1 56 1% | sessgor | 3L 140
4178 72 332 0% | 32408 07 2 68
4 'D)8s D |3% | 108854 _ L 44 || 4%a*D)sp sD* | 3% | s0ee0.57 | _ 139
% | 106308 | —H&H | 13 2% | 3soes70 | ~338.33 1 139
s se | Z313 5| L 1% | sssys a7 | THTAT) 120
11890. 96 0. 02 0X | 33480 47 ' 002
4OP)5e o |2% | 1328273 _ 162 || 4% 5a(a'8)5 o | 2% | 8451690 | _ 1. 61
1% | 1aea7s | “91792| Lo Pl 15 | s{ossee | “A28T01 174
0% | 14670 902 2 63 0% | 35876 45 2 68
APCF)Se aF & MTIL 1| gy L3l || 4d6ee®ee | 008 |34 | 37012 40 2 02
2 1562426 | “323T9 | 102 || advsea)sp | 20 |3 38840. 77 20 02| 168
1 15770, 42 0. 42 24 | seste.75 | _ 2402| 1 g9
4°0CG)5e a'G 5% | 16026 16 L23 A | 8316.60 23
3;’2 16132 % Tl LI7 | b saai®oe | o8 2% | 39508 85 2. 00
2% | 1641864 | ~17-8 | o5 || areiD)6e D |4 | 488622 | g 5q | 108
. 1.
@RED | oF W s s | 230 B | el Smdl| Le
4% | 175 B M| g 0% | 4414951 | ~120.39 | 339
ARB:(a™8)5p | aP° | 3% | ssess s | _ 1.70 || 4d%a’D)6s esD | 3% | 4410200 _
2% | ss4sm. 01 | —13988 1 1190 2% | 44804 36 | ~70% 38
1% | #3888 40 2 42 ! ;2 dser. 84 | ~300 00
4d%(a *D)5p sD° | 4% | 27369.78 | o005, | 153 '
3% | s7060.09 | 203N | 157 |l asseaBd | €D | 1% | 4433323 430 ¢
2% | #7940.78 | 2093 | 64 2% | 44337 53 4301 208
1% | sarss e8| “3258| 185 3% | 44343 92 39l ts
0% | 2896 69 3,30 4% | 44352 66 o te
4d%(a 'D)5p s'F° | 8K | 30087.29 | _oc 00| 150 SR | 44365.33 166
a4 | sorsses| 80 a1 | adse@misd | soD 4y | asemmor| oo 0| 154
34 | sosss 0| ~%28l| 128 3% | so8s83| 88481 158
2% | soses. 85 | “1G 70| 129 2% | 4so7n.02| =354 1 166
1% | soes0.es | I8 L7 15 | 45108 62| ~3780| 1g7
0% | 30689, 12 -062 0% | 45189.70 332
4d%(a *D)Sp soF° |4y | S111409 | _ 4o 99| BT || T T T
g};z 3100k 99 | “400 80 | 132 Te n(sy) Limit |..... 58700
1% | 225865 | 23888 | g g5

June 1957.
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Ten
{Mo 1 sequence; 42 electrons) Zw=43
Ground state 15 25? 2p* 3¢* 3p* 3d™ 44° 4p* 4d° 54 'S,
a’S; 123100 K 1. P. 15.26 volts
Meggers and Scribner first observed this spectrum in 1950, and Meggers reported the
first regularities in 1951. He classified the 10 leading lines arising from the low 'S and *S
terms, and streseed the similarity between the spectras of Mn 11 and Tc 1. In 1952, he and
Catalén identified the important low *D term from the 3d* configuration, with its leading
component 3461 K above the ground term 4 'S,
A new description of the spectrum has since been made by Bozman, Corliss, and Meggers,
which covers the range 2054.468 A to 6673.263 A. From these obeervations the writer has
carried the analysis somewbat further with the aid of Bureau Zeeman data from Bozman.
Unfortunately, the new terms are not connected with the earlier ones because observations are
lacking in the region short of 2054 A. The writer has arbitrarily adopted 24000 K for a *G,,
with the correction, z, to be determined later when the line list has been extended. Trees has
predicted the theoretical position of this 'G term at 2250041000 K.
There are about 50 classified lines, but the analysis is seriously incomplete. Intersystem
combinations connect the terms in the table that need no correction, z.
No series are known, but Catalén and Rico have interpolated the limit quoted here, by
comparison with neighboring second spectra in the second long period.
REFERENCES
W. F. Meggers and B. F. Scribper, J. Research Nat. Bur. 8td. 48, 476, RP 2161 (1950).
W. F. Meggers, J. Rescarch Nat. Bur. 8td. 47, 7, RP 2231 (1951). (T) (C L)
W. F. Meggers and M. A. Catalén, unpublished material (1952). (T) (C L)
M. A. Catalén y F. R. Rico, An. Real. Soc. Esp. Fisica. y Quimica (Madrid) [A] 48, 334 (1952) and letter
{December 19568). (I P)
R. E. Trees, unpublished material (1956). (T)
W. R. Bosman, unpublished material (1956). (2 E)
C. E. Moore, unpublished material (June 1957). (T) (C L)
Ten Ten
Config. Desig. | J Level Interval | Obe. g Conflg. Desig. | J Level Interval | Obe. g
4d5(*8)5s q’8 3 0. 00 202 4d%('G)5p 21G° 2 | 69084 694z 193. 06 0. 42 q
3 | 59227. 754z 184, 45 0. 90
4 oD 4 3461. 27 —755. 90 1. 47 4 | 59412 204z 168 98 1. 16
3 | 4n7.17 48203 | 150 5 |69681.18+z | 174 47| 1-26
2 4669. 22 —201. 92 1. 52 6 | 697567. 664z 1. 36
1 | 4961 14 ThL | 136
0 | 510098 0/0 4PCG)Sp | 2H° | 3 | 60635.64+z2 | 5o 44| 0.54
4 | 606947842 | gia7e | ©97
APC8)Ss | a8 | 2 |12617.20 2.04 5 | 61243 524z | Q03 £3
6 |61716.056+2 | 237 e | 1
4 (*G)5e asG 2 | 23838 39+=z 78.78 Q.37 7 | 61840.66+z 1.31
3 | 23917, 174z 61, 48 0. 89
4 | 23978. 654z 623 115 4d9(\G)5p 23F° | 1 |60707.884z | g9y go | 0.04
5 |24024.88+z [ _orgo| 1.30 2 | 61029.24+z | 37q s
6 | 24000. 004z * 1.32 3 | 61347.68+=z 71, 47 1.16
4 | 61419.15+2 | gorgs| 1.34
48(8)5p sP° | 2 | 37767. 21 2 36 5 | 61808. 084z 1.41
3 | 35308 80 535501 188
4 | 39308 38 1005.58 1 178 N e
44%('8)5p L o g ‘4.;7622 gg :?gg‘ g; } gg Teur(Syg) | Limit | ... 1283100
1 | 48906.00 - 2 50
June 1957.
L ° L e ® ® ® ° o O
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RUTHENIUM

44 elactrons FA Y
Ground state 14* 2¢* 2p° 34* 3p* 3d™ 44° 4p* 44" 58 'F,
¢ 'F, 5810 K 1. P. 7.364 volts

The first significant regularities in the Ru 1 spectrum were reported in 1925 by Meggers
and Laporte and by Sommer. In 1026 relstive term values confirmed by observed g-values
were published by these suthors. Harrison and McNally derived improved g-values from
Zeoman observations made at the Massachusetts Institute of Technology, and extended the
analysis in 1940. Later, McNally carried this work further. His unpublished 1941 manu-
seript includes 61 even and 188 odd levels, and has been made available to the National Bureau
of Standards for further study of Ru 1.

Keesler and Meggers reobserved the spectrum, and in 1955 published a complete new
description which Kessaler has used to extend the analysis. His manuscript has been furnished
in advance of publication, and used for the data in the table. He has adjusted all level values
to fit the 1955 observations. Most of the observed g-values in the table are from the 1940
and 1941 work of Harrison and McNally. A few additional ones are from Zeeman spectro-
grams taken in 1949 by Meggers with the Bitter magnet at the Massachusetts Institute of
Technology, and measured by Kessler.

At present 100 even and 205 odd levels are known, and there are approximately 3250
classified lines between 2013.95 A and 11483.81 A. Many obeerved intersystem combinations
connect the systems of terms of different multiplicity.

The more dubious configuration assignments are indicated by a colon in the first column
of the table. Members of fragmentary terms have a designation entered in parentheses in
column two, along with a number labeling the level as miscellaneous. Extensive theoretical
study of Ru 1 by Trees confirms in detail the observed values of the low even terms, and has
been an invaluable guide in making a number of the configuration assignments for additional
terms.

The limit quoted above has been derived by Kessler from the two-member series
4d'(a ‘F)ns °F; (n==5,8), by means of s Rydberg formuls, corrected by the factor a= —2.4310~*
suggested by Catalén and Rico. They have obtained this Rits correction from a study of the
series in the first spectra from Rb 1 through Ag1. The observed limit thus corrected agrees
excellently with the interpolated value 59417 obtained by Catalén and Rico.

. Meggers snd O. Laporte, J. Wash. Acad. Bei. 16, 143 (1926). (T) (C L) (Z E)
. Sommer, Zeit. Phys. $7,1 (1926). (IP) (T) (CL) (Z E)

. Harrison and J. R. MeNally, Jr., Phys. Rev. 88, 703 (1940). (T) (CL) (ZE)
. MeNally, Jr., Thesis, Mass. Inst. Toch., unpublished (June 1941). (T) (CL) (Z E)
. Cataldn y F. R. Rico, An. Resl. Soc. Esp. Fisica y Quimica (Madrid) [A] 48, 338 (1952). (I P)
. Kessler and W. F. Meggers, J. Research Nat. Bur. 8td. 85, 97, RP 2600 (1935).
urakaws, J. Phys. Soc. Japan 10, 919 (1955). (hfs)

Trees, unpublished material (February 1987).

. Kessler, unpublished material (February 1957). (IP) (T) (CL) (ZE)
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Rai Ru1
Config. Daig. J Level Interval | Obe. g Config. Desig. J Level Interval | Obe. ¢
(e F)Be «F |58 0.00 | ;10064 | 1207 [ ey 20D |4 |gemras | ool | e
e T Plae mn )
3 | aman | 2370 |10 1 [ garisi4e | 23390 | 120
1 | 3108 49 a 000 o | 29669, 90 0
(e F)Be o F (4| 654508 | u00 00 | 1284 [ ar@msp 1P |5 (sesrees | oo | a0
3 | soea13 (2133899 ) 1ge 4 |ze01479 |T119858 | 1 384
2 | 9183 66 L 089 3 (3890 47 | Z8715.08 | 1304
ahse a D |4 | 148307 L 447 1 | fbes sy | -Mas | Lies
3 | ss7s42 (MWD | 420 ' 0. 867
2 | 9087.64 | 43272 11 2% || wnermse: dF |4 (2128034 | _po0 oo
1| ooraes | 1838 |y 70 3 | 27516 57 -
0 | 949237 0/0 2
A (a 'P)5a a P |3 | 877003 727,24 | 1.62¢ || 4@ ®)5p 39G° |5 | 2849510 |_ 000 | 1280
3 | s04a e |_ 73734 |, 53 4 | 29890 91 | 139581
1 | 963029 1. 985 3 | 81852 90 0. 868
ap b 'F |4 | 912063 1.255 || 4d'(e ‘F)Sp s 3G° |6 | 28571 89 1.379
— 1533 99 7 —~1707.79
3 | 10654 63 1. 086 5 | 30279 68 1. 263
2 | 11447.31 | ~79269 | 5 og, s | 313 s |~ 106011 Lin
7. ,
4d'(a 'P) 5s a P |2 | 1062853 1. 534 2 | 30958 80 | —421.74 | g 375
1 |nsaos [T18252 |, esy
o | 11752 62 0/0 4 Se@D)sp | 5 F |8 2016048 | _g07 5g | 142
9. 3 g .
A (a1G) 5 a0 |3 13207.05 | _ 09 g4 L 190 4 | b0y o0 C13.52 ) 1 370
1 . 29891. .
3 | 1369007 | 98238 | 5757 2 | 30015 34 12044 e
Ad'(a *P)5e b |2 | IBMATS | g gy | L3I 0 |30115.26 | ~287 | o0
0 |14827.50 | —84583 [ g 4 50 LI O
40(a1G) 5s 6 'G |4 | 14700 32 0. 992 3 | 20079, 00 626. 59
Ad'(a D)5 @D |3 | 1619061 | 505, |1.333 || 4e5s@D)p | & P° |4 | 3025000 |, .00, | 1658
2 | 1505407 | 138854 | g2 8 |3ssga; [THIH |1 g0
1 | 16712 68 0. 676 2 | 32343 30 2 059
sd'(a 1H)5e a'H |6 |15850.16 | _ 1.164 | 44(a ‘F)5p 2 F° |4 | 03815 | 1.276
5 {16240 13 | ~882 57 | {041 3 3209095 724350 |y 133
4 | 17006 87 0. 834 2 | 33172 02 1. 026
4d7(a D) 5 e D |2 | 17015 97 1175 || 4 F)5p 1900 (313104435 | 550 | L 204
2207, .
Ad'(a 'H)5e a 'H |3 | 2005571 1. 007 1 | ss580 22 |137257 | g g33
4d'(a1P)5e a P |1 |202420 0.927 || 4" *P)5p s 8 |2 |snseos 2 034
A ¢ P |2 |2008375 1.343 || 4do8eaD)8p | y D | 4 | 3346 84 1. 402
—1358 89 16, 19
1 |22902 64 (130889 | '35 3 (333065 | 0010 | 1408
0 | 24173, 68? 2 |sarsses | “ERG | L4m
4091, :
A Bt ¢ F e |y 108 0 |si879.65 | —28888 | gy
2 | 22343 14 7632 10697 || advBe@'D)bp | 5 e 3| 3307241 | _gop gy | 1048
A B0 b H S | 2216208 | 5504 1 063 1 | 3504677 | ~16485 | 5 385
4 (2300477 | 48580 | 5010 I umBeaD)Bp | y P 5 sy 5 | _gog 6o | 1402
i b 'G |4 | 2330260 0. 950 3 gﬁggi 2 e :I(z)zg
"o 2D |2 | 23453 47 1. 162 1 | 3623877 | —3490 | 145
A 802 Pt |32 | 2492748 Ad'(a 'P)5p x D° |4 | 36542 62 1. 481
1 | 2730059 |—2633 11 ¢ 3 (3736702 | “52 40 | 1379
° PlgEe ooy
APBea'D)sp | s 'D° |5 | 25214 18 . 503 0 |3780e. 25 | 3917 | gy
4 | 26565 49 | Z28033 | | 625
Plesis |G L wens |y s s | g, |10
1 | 26780, 48 | —307.72 1 | 37619.52 | —954.2¢ | g 758
o B 3 G |5 |2560260 &F(a 'P)5p s |2 |sr1s800 1. 469
—40.00 7 —227. 84
4 25642. 69 1 37348. 74 1. 311
3 | 26075 70 | —433 01 0 3747288 | —12814 | g4

e ofe q
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Ru I—Continned Ru —Continued
Conflg, Desig. J Level Interval | Obse. ¢ Config. Desig. J Level Interval | Oba. ¢
'(sG)5; y P |4 |ssms s | 1.107 || 4 *H)5p y *H° |6 |4s54867 | _ 1 163
? 3 |suss 70 119033 | oes 5 | 4410041 | “3007T8 | | o3
3 | 40438 23 0 889 ¢ | 4460201 0 938
4d'(e 1G) 5, s H° 6 | 38807. 50 1. 174 4d'(a *H)8p y 'H® 5 | 435696. 58 1.03
’ 5 |s8s97.00 | 80041 | 1048
4 | 39973, 28 0. 895 ©iG* |8 [ 4874881 | _ 1000 | 1972
4 | 43862 91
A'(a *P)Bp s %8° |1 | 38887 14 1. 566 3
Ad'(a ‘P)3p spe |3 | ss706.38 | _ 1.631 || 4d'(aP)5p iD* | 2 | 43908 41 1.026
v 2 | 300809 | “3220 | 1713 v
1 | 39775 49 2 315 20G°) | 6 | 43998 60 1.219
AP'(a3G)5p s G° |4 | 3908718 1L 115 || 4d'@'D)sp s P |3 ) 442308 1422
Ad'(a2G)5p v 'G° |5 | 3946068 | _ 1 142 0
4 | 4037601 | ~523 98 | 1 035
3 | 40235 39 : 0800 || 4*5e@‘D)Sp | w0 D° |4 | 4425349 | _gar gy | 1473
3 | 48071 40 | ZS3T 81 1\ u4p
Ad'(a 'P)5p y P |3 | 3974808 | _ .., | 1200 2 | 4579041 | Z1IR 00 | 11484
1 | 39916 54 1858 | 1eos 1 |4st91.40 | “30099 |y 430
0 | 39894 50 0/0 0 | i6466 35
1°0F°) | 4 | 40439, 25 1. 196 3°0P°) |1 | 44301 14 1. 350
Ad"(a3G)8p s H° |5 | 40616, 22 LOW || 4d'Se@ D)Bp | & UF° |5 | 4438181 | a5 gp | 1303
44607. 81
Ad'(a 'P)5p £ D° |3 | 40768.15 |_ 900 11 | 1159 3 | 4480081 | ~1%8 20
2 | 42007. 06 |TI3011 | 1 007 2 | 45592 33 '
1 | 41016 65 0. 895 1
44" 3G)5p s F° |3 | 4004865 1137 e 3 | 44441.59 0.76
4d'(a 3D)5p z F° |2 | 41182 94 0. 887 5°0G°) | 2 | 45891 40 0. 383
38 | 41260 04 | 03710 |y 935 ( s00.4
4 | 42346 90 1247 | adsseoP)sp | y 8° | 2 | 46197.87 2 224
Ad'(a ‘F)6s ¢ OF |8 4128040 |y gy Ad'(a *F)Bp: z 'F° |3 | 45201 98 1. 059
3 | 44176 33 |~1357.9 4d'(a *H)5p y 'G° |4 | 45384 72 0. 962
2 |4380200 | 2414
1 | 44343 91 - 6 3 | 4647577 1. 547
4d'(a *D)5p w D° |3 | 41482 66 1.286 || 4d"(a'F)5p: 1Ge | 4 | 45628 61 1.08
2 | 4283 81 | 198118 | 1 g5 @ F)5p ?
1 | 42894 42 0.810 7° 3 | 46649. 51
ad'(a *H)5p s 01° |7 | 42260 58 1148 || 4d'(a Fep: e | 4 | 45756.55
6 | 41877.75 |_ S8278 | 1 013 (e F)6p * 3 | 4604058 |71100 03 | 1 022
5 | 42978 28 0. 861 2 | 47247 98 . 0. 702
4d'(a *H)5p 3100 |8 | 41730.30 | 109 gy | 1107 t D° |3 . L 080
) = 45928 _ .
3 | 4397579 |T1038.67 | g g3y 1 | 4649970 | ~578.34 g 73
4d'(a *D)8p s 1D° |2 | 41766 15 1.182 g° 1 | 46978 13 0.4
4d1(a *F)6s e 'F |4 | 4182823 9° 1 | 46056. 23 1 115
3 |4aus 47 [—139024 s
2 | 449870, 04 10° 4 | 46067, 24
¢ D° |3 | 41880 85 1163 o 2
2 | 42897 23 |—1016.38 1 0 | 48102 98 0/0
1 12° 4 | 48873 20
'R I |e 04. 147
@™oy | 42404 14 13° 4 | 4640058
Ad'(a'P)5p s P |1 | 42415 81 0. 965 - e 030
4d* 54 (b *H) 5p: ! 5 | 46495 05 .
(s 'P)5p s 18° |0 | 4980 80 0/0 ®HDsp: ) = 46495
A 4 | 42805 39 4d'(a 'D)3p: y tP° 1 | 46528. 26 1. 05
4d'(a D) 3p y F° |3 | 42998 81 0. 995 1w 4 | 46695.02
(e _ ) AdSbP)Sp | z P |3 | 46740.86 | _
(aIP)bp y 8° |1 | 43107, 52 1. 533 ( P 2 | 1650880 | - Gga 3::
w D° |3 1 | 37600, 64
2 | 43609, 17 1 158
1 | 4384158 | —332.36 | g gg9 15° 1 | 46780. 28
L J o ® o @
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Ru —Centinned Ra —Coutinned
Confg. Daig. | 7| Level | Inteeval | Obe. g Config. Desig. | /| Level | Interval |Obe. g
wams: | sor |3 een | e g 28° o | 4so07.45 1. 208
3 | as00.28 —268. 40 39° 1 | 48604 34 2. 06
1 w 3 | 48765.88
(s F)3d: « D |4 |uma | 4,4 L% e 2 | 48779, 15
2 | amas s -4+ a2 4 | 488563, 69 L33
0 3° 3 | 48983 98
4d'(e F)bd: ¢« G : %t .}g —~ 1530 63 44° 2 | 49087. 35
3 45° 1 | 49047. 681
3 46° 3 | 4914142
16° 3 | 47040 54 1. 068 e 4 | 4916505
(6P B4: ¢« 0 3 39,?731:: ~182 38 L19 | «(a'P)8d ¢ P :2: 4929108 | _gq, 1
17 4 | 4716738 L2 48° 3 | 49309, 887
18°0D°) | 0 | 47176.90 49 1 | 49408. 97
19° s | 4720152 113 50° 2 | 4941750
Ad'(a F)6p: D |3 4738998 | _o0q oy | 1377 510 41 | 49447.58
1 4 Be(aD)5d | ¢ B |2 | 49480.56
20°0D°) | 3 | 47%45.10 188 CeF) |5 | 4959290
e S | 47486 17 arbe@D)sd:| S D fs |
BOF) |4 | 47486 96 3
22° 3 | 4769000 1134 1 |570. 80 |—1em1e
23 3 | 47635. 33 1. 06 52° 4 | 49728 18
24 5 | 4764087 53° 1 | 49761. 61
28 3 | 4778878 54 37 | 49918, 251
26° 1 | 47809. 11 v G |3
ar 4 | 4781784 5 | toiss. i 17316 | 16
28° 3 | 47868 35 1. 309 85° 2 | 49970 65
20° 3 | 48003. 00 56° 2 | s0027. 96
2° 4 | 48100 38 57° 1 | s0192.07
31 4 | 48143 98 58° 1 | 50333.99
v 2 | 4816579 44" 54(a*D)6s D |4 2
A D Do TERRLTT Ol | R
4Be(aD)6s | ¢ 'D |5 | 4838633 | _ 1 603 0
4 (4023615 | “343 83 | 1ew0
3 | soie 70 | —75 8% 59° 3 | 50351. 93
1 |soe1888 | —7 60° 1 | 5077205
e 3 | 48405. 09 114 61° 4 | 61360. 21 1. 094
4d7(a *F)5d: ¢ D g :g;g% g —126823 |18 D 3 | 5245523
1 62° 4 | 63717, 68
35° 3 | 48498 01 E 4 | 54043 38
36° 5 |486050 | | M e |, o
37° 8? | 48570 85 Run(Fe) | Limis |....| 59410
February 1987,
° ° ® o Y ° ° °
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Rem
(To 1 sequence; 43 electrons) Z=M
Ground state 12° 3¢* 3p° 3¢° 3p" 34™ 4¢* 4p° 4" Ty
a Ty 136300 K 1. P. 16.76 volts
The analysis is mostly by Shenstone, who placed Ru 11 on his program especially in order
to provide the data for inclusion here, sinoe the first regularities reported by Meggers and him-
self in 1930 had not been extended. A ocomplete description of the spectrum, together with
measurements for Zeeman patterns from the Massachusetts Institute of Technology spectro-
grams, was furnished bim by Meggers. Tbe Bureau observations extend from 2005.69 A to
6662.68 A. These were supplemented by Princeton observations in the short-wave region
extending to 1085 A.
There are about 1400 classified lines, including nearly all of the stronger lines. Observed
intersystem combinations connect the terms of different multiplicity. It is noteworthy that
all torms from the 44" configuration have been found.
The limit is from Catalén and Rico who have derived it by a comparison of second spectrs
from Sr to Cd.
REVERENCES
K. G. Kessler and W. F. Meggers, J. Ressarch Nat. Bur. 8¢d., 88, 97, RP 3609 (1955).
W. F. Meggors, unpublished material (May 1085). (3 E).
M. A. Catalén y P. R. Rico, letter (December 1956). (I P)
A. Q. Shenstone, unpublished material (October 1957). (I P) (T) (C L) (2 E).
Ran Ru 1
Conflg. Desig. | 7 Level Interval | Oba. g Config, Desig. | 7 Level Interval | Obs. g
o 0.0 o 3 26911 4 572
AR - 15334 | 1SR4 CFY8e | 80P | | Seoor 0 “hed 1 636
2 :’&; o108 0% | 30480.3 2 541
4 P |4 27544. 6 1. 200
c e imlmr e is | (B BE | i
w3 e | M0 | 14 14 | 284088 | —385 | g5
4(CD)3e D |4 9151 L v G 20018, 6 1 287
D) ¢ 3| 006 —Ru ¥ o7 CO)e | o % 30000, 7 IRk 1 L
2 1085.8 | “gxrg | L6 3 30439, 6 Y65 | L0321
1 113036 | “ang | 1843 2 30293 1 0. 649
0 Heod 1 1am 4°CH)Ss | b’H | 8% | 326230 1.072
w a'G | 4% | 108009 | _ 00y 4% | mese7 | %37 | qos
3 | 12298 4
'¢D)se | b D 32960. 9 —73p | Q135
14700. 5 3 33019, 0 3135 | 1344
8 33332 5 L 37
@ oD (M| InetrE | e | LT WeP)se | boP | 1% | 337349 1 188
’ 0% | 360949 | 33600 | gg7
“ o | ienss | e aoMse | bOF | 3% | 34084 1. 063
24 | 352085 | ~1200.1 | g ou
o e 30| meiay | a3 | Daw w 1D 834798 8 0. 985
14| 21403 | “7L3 | : %9
mms —390. 3 o.o“ 2 348329, 2 1102
& ] 4P 58 a8 | 2% | 38857.6
°F || Bme| ™2 | i
(D5 o1l eg 36939.7 | _g001 | LO8
WPCHSe | oH [6%| 250622 | _ 0y | L33 5% | 36220.8 0 90
;g 2118 4 -89 | |12 AP0C)8s | b9C | 4% | 360180 1. 087
264081 | 327 | q753 s | 2660568 | —49%8 | gsm
[ ® ' e e e ® °
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Ru —Centinued Ru 1—Continued
Config. Desig. | J Interval Obs. ¢ Conflg. Deslg. Leovel Interval Obs. ¢
AD(G)8e 1G L 078
I H —885 | 0oi3 || aromsp | D 00338.0 | _aise 0 | 1343
4"CD)8s D |3 L3 87900, 0 sreo | 1308
[ A
1 =701 | g 780 sesy s | 1387 | ga7g
Wws)te | a8 | o 2 0? 4'OP)5, s D° 03007, 0 0 288
U':)))& dp 1" 0. 80 e %‘1 Z%ﬁ tg{
3 850.7 | ) 20 63220, 8 15788 | g 061
4*CD)S; sD* | 4 _ 1. 530 ACPBp G* #7801, 7 1164
D3 18 ML | Lees v aries. 4 | _$383 | 118
3 TR e orase.1 | “307T | Loz
& Tiaa | LM 67946, 7 a 687
AdCH)Sp | s 'H® 67501, —eis0 | 118
WweD)Sp | s P |8 ey | 18 63190, § L 018
-17.3
3 L 457 44 0G)5 z P 679013 | _ 119
: = - . a8 ||
—-632 | _qs9 69080, 1 %35 | ges
4(D) sp° | 3 1°880 S G* 03865. 8 1. 028
D) ag LS| s ense | 69180, 9 9153 | ) 085
! 2 208 AM(G)S, G 63898, 3 1. 153
» z . _ .
ACD)Sp | sF | 4 _ L 348 esp0e.5 | —8783 | ;g
1361 1 648 1
3 i+ 1 263 09558, 6 sl | ros
3 “388 1o 09064, 6 0. 706
! o 470 4'CP)5, 1pe 88445.9 116
] . .
W@eD)sp | 5D |3 —ra3 | L8O ? 094395 | 936 | g g
1 iRl s | weeisy | yeme 09311.8 | _gpc o | 1196
a0 09646. 8 328 | 113
69618, 8 Bl e
APOD)Sp | spe | 2 —oea7 | 15T 69655. 0.798
1 “Xel | L3
2 648 1° 70150, 71 1. 200
APOP) s |1 1. 789 APOF) 1p* 70671. 1
u:m: He a“ 0. 960 o ’ worras | ~AR4
E ]
:§ prog L o; aoPsp | 58° 71036, 8
3 20.5 | y13 4eD)Sp | 3 P° 71160 | _gu g
7is66.6 | ~, 71818
AdeH)Sp | s Ge 2§ ~am2s | L34, 78196. 5 .
—80.8
3 979 A(G)5 He 71808.9
2 —84.2 | g 46 L 719205 | —738.6
wensp |y |3 Crmas | 13 | o v 3| e |
0
A 40D)Sp | 1z 'F°
e 7266 | 032 4M0D)5p P 78598, 5
6 L w .
7 —932.0 72970. 8 a7
78148, 1 4
wensy | yoF |1 —uro | 0438 73218. 8
2850 | L
3 s77.8 | LOM 4*5e(8)8p | v °P° 7a700. 7 8 1
78815 2 304.4
ACES | sGe | 3% sea3 | 1033
WoP)Sp | sD° | 3y 1 328
4 s IK°® 72008. O
1% C¢I)5p 78248, 0 --889.0
aWemsp | s | e —7028 | 113
5 L 08 ANOD)Sp | weDe 78749.5 | _,a3q | 0.852
AORSy | sP |3 1199 ;g%i'g -3Ls | 132
3 —1088.9 | g gs0 746040 | 18100 | ;g
® [ ° ° ® ®
» i
ndettistideshinkdivetutiheb Shhdn, sntmiubinainbinion
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Ra 1—Ceatinned Ru i—Continued
Conflg. Desig. | J Level Interval Oba. ¢ Config. Desig. | J Level Interval Oba. ¢
oDl | 2'HC & 73063, 4 7.3 | 098 3 |3y | 795080 1 033
4'00)8p 1G* | 3% | 738109 L 114 ARS8 | P | M| Siase s | 3178
F . -—
& 74045. 8 8L | q713 0% | 820508 411.3
D)5 e | 1% | 748028 as ACD)8e | «*D | 4% | 845109
AAeDISp | 2 w| e ] 5381 | 13 ¢ $
4P (G) wiG* | o | 753408 _ L 08? «‘»S
i sk | 764817 &4 | gon
P(G)5 sHe 75608. 1 1. 08 ANOD)6s | oD | 3% | 864404 | _
cae | @ ﬁ 76380.0 | 7389 | g0 ¢ gn 875323 4 1083.0
a s;° | 6% | 75789.5 108 0%
Do y oﬁ 760854 | —1389 | gg3
AN(G)S e | 3K { 769770 L4 B0 | 3P0 gﬁ boits 5 | —9847
(Giop | w 3 ) 1% | s1508.7 | —073.8
areD)sp | yP° & 772987 . S| (PUUTE SR N RS
D) e | 2 27818, 0 Lo RumCDy) | Limit |..._. 135260
v » 19. .
(D)% 16 | 786171 | —7981 | g g
4(D) oF* | 2% | 7o114 9 L0
ks 3K | 798080 | 0891 | yous
October 1957.
Run Osszavep Teaums*
tion
1.??}?}" 30 3p¢ Observed Terms
300 498 40+
a ‘P a‘F
Adt { aiP a'D ' a'G a'H
5D
44 50 a8
ns (n25) np (n295)
L) (] {3
wepme N D T 1 Il
AdS 5e(S)nz y *P°
wiem | b
-] o -1
e '8 TRt B
Qo & (-]
wepne B 58 Yipe Uipe
o .- o
wemns ) e Uik 1
weorms | 0 T 2ige Ui
b D 24P° ©0iD° wiF°
44'CD)nz { ¢'D ziD° z 1F°
4 Dnz a?l z tH° yiI° sIK°
44%(G)nz ¢ 3G wiF° wiG® wiH®
44°(S)nz a8
APOD)ns 4D yP° wID° o IF°

*For predicted terms in the spectra of the Te 1 isoelectronic sequence, see Volume 111, Introduction.
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(Mo 1 sequence; 42 electrons) Z=44
Ground state 1¢* 2¢* 2p* 34* 3p° 3d* 44* 49 4d* °D,
44 'D, 229600 K 1. P. 28.46 volts

The analysis is by Shenstone, who has investigated Ru 111 especially for inclusion here.
Hoe has observed the spectrum from 600 A to 4004 A and classified 40 lines. The quintet and
septet systems of terms are connected by observed intersystem combinations.

He derives the limit 225900 from the ns seriesa by means of a Ritz formuls, with a=
1.033X10"%. This value of « represents a(Fe 1) X{a(Ag 1)/a(Cu m)}. Catalén and Rico
have interpolated the quoted limit by comparison of the third spectra from Y to In.

REFERENCES

A. G. Shenstone, unpublished material (June 1988). (I P) (T) (C L)
M. A. Catalén y F. R. Rico, An. Real Scc. Esp. Fisica y Quimica (Madrid) [A] 83, 85 (1957). (I P)

Rum Ru mx
Config. Desig. J Level Interval Config, Desig. J Level Interval
“ NI I IE RN T
2 1826.3 | —067.8 3 | 1373036 52.6
1 2083 | —400 4 | 133,38 | %02
0 2476.0 5 | 137502 6
4d%(8)5s 50 18 3 27162. 8 4d9(%8)6e 6 78 3 | 1374823
40%(%6)5s 50 8 2 | a7 44%('5)6s 6 8 2 | 1396923
4B(8)5p 5p P 2 76068. 1 850, 5 4d(8)5d 5d D 0
3 76915. 6 s 1 | 140345.8? L8
" 78673, & 2 | lasre 2
44°(8)5p 5p P° 3 | 83907.0 | _,e0 4 4| Mo4105 |
2 844871 |
1 84888, & 8388 § i | el SN U
Ru 1v(8yg Limit ———- 229600
February 1957.
L L ® L ® o ® o o
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RHODIUM

43 electrons Z=45
Ground state 1s* 2¢° 2p* 34* 3p* 3d" 4s® 4p* 4d° 58 ‘F
a ‘Fy, 60197 K 1. P. 7.46 volts

The first spectrum of rhodium has a unique place in the history of atomic spectrs. In
1601 C. P. Snyder published an array of Rh1 wave numbers consisting of 19 columns and 54
rows, accounting for 476 Rh 1 lines. The significance of this work was not appreciated until
years later when regularities wers found in many spectra. It may be said fairly that this work
anticipated by years the long series of investigations culminating in the Hund theory of atomic
spectra. All efforts to contact this author have failed-——and yet spectroscopiste are deeply
indebted to him for his remarkable pioneer work illustrating in detail the correct approach
to the study of complex spectra.

In 1927 Sommer extended the early work on this spectrum by Meggeis and Laporte.
He published an extensive analysis including about 1000 classified lines between 2288.53 A
and 8425.51 A, 136 energy levels, and numerous Zeeman observations. He derived the limit
62000 K from the ‘F- and *F-series of two members each, by using & Rydberg formula.

Subeequently Molnar and Hitcheock observed the Rh1 spectrum at the Massachusetts
Institute of Technology, and revised the analysis with the aid of extensive Zeeman observa-
tions made with the Bitter magnet. The data in the table are from their paper. They de-
rived improved values for the energy levels throughout the spectrum, add~ 14 energy levels,
and rejected 19 of Sommer’s miscellaneous levels. Of these, one at 532 may be & mis-
print for & poesible level at 53223.85 with J=1% or 2X. Two others a: 56898.60 (J=2X)
and 63891.07 (J=3%), respectively, may be real, although the combinations are limited to
faint lines. There are about 950 ciassified lines between 1987.84 A and 8615.23 A. The
doublet and quartet systems of terms are connected by observed intersystem combinations.
The following changes in notation have been introduced into the table:

Designation
e

¢'D e'D
a'D 5D
¢?F oF

cF o'F

z P yip°
A od 3p*
z3F° yoFe
yIF* sp*
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30
Rh —Continued
The writer has also interchanged the configuration assignments of the two *P° terms having
singlet limits so that the lower one, here called y *P°, has the limit 'D, and the next higher
one, 3 'P°, has the limit 'S.
Murphy has recently extended the observations between 6332.96 A and 11021.74 A. He
has added 53 classified lines and the two levels § ‘P, and b *Gsx. The remaining levels of
these terms have been furnished by the writer. A homogeneous line list and further analysis
are needed. No sextet terms have been found, no terins involving d-electrons are known, and
many miscellaneous levels should be assigned their proper term designations and configurations.
The limit quoted here is from Catalén and Rico. They have derived it from a study of
the series in the spectra Rb 1 to Ag1.
REFERENCES
C. P. 8nyder, Astroph. J. 14, 179 (1901).
W. F. Meggers and O. Laporte, Phys. Rev. 38, 653 (1926). (T) (C L)
L. A. Sommer, Zeit. Phys. 48, 147 (1927). (I P) (T) (C L) (Z E) (E D) (G D)
J. P. Molnar and W. J. Hitchcock, J. Opt. Soc. Am. 36, 523 (1940). (T) (C L) (Z E)
P. F. A. Klinkenberg, Rev. Mod. Phys. 34, No. 2, 63 (1952). (Summary hfs)
R. J. Murphy, J. Research Nat. Bur. Std. 48, 371, RP 2374 (1952). (T) (C L)
M. A. Catalén y F. R. Rico, An. Real Soc. Esp. Fisica y Quimica (Madrid) (A} 48, 328 (1952). (I P)
H. E. Walchli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL-1469, 8uppl. II, 29 (1955).
(Summary hfs)
Rh1 Rbh1
Config. Desig. J Level ! Interval Obe. ¢ Config. Denig. J Level Interval Obe. ¢
4d'0F)5s aF 4% 0.00 | _ 1.320 || 4d°CF)5p £4F° 4%| 29480.86 | _ 1. 261
| | el L | merd) il i
14 | 347268| 87465 g 473 14| seer7. 48| —80293 1 o 55
ad aD 2% 3300.86 | _ 1. 118 | 4d'¢F)5p 23G° | 4%| 8161878 | _ 1. 156
1% | ses7.o7 | ~ZMB11 | 744 3%| 33045 91 | ~1430.13 1 g gg)
4d'QF) 58 a'F 3% 5690. 97 | __ 1. 143 4d%(3F) 5p z IF° 3% 32004 01 | _ 1. 120
» 214 | 770123 | 210026 | g g47 2% | 8394634 | ~194233 | yon
4 Se a ‘P 2% 9221.22 ) _ 1. 478 44'(F) 5p z21D° 2% 32046. 32 | __ Q. 999
¢P) 1% | 1031341 | 71992190 1ls578 1%| sss67.04 | ~182072) g 13
0% ' 1100805 2. 661
- e | a5 | s o | 90P | 7| M| e |
5s a3’ 11968. 23 | _ . 24| ok . 451
P 0% | 13974 73 | ~2006.50 | ¢ &g 04| 36069.50| —26526| 3 og4
447 5¢ b ¢F 4% | 1272307 1.317 1° 3%\ g0132.78 1.473
3% | 14787.87 | 7208480 230 \ o
1%| ss0ss 18| 193287 1134
sPcD)ss | BD | 2% |13s20.69 | oo o | 1233 0%| 3847443 —0.160
lx 14382. 19 - . 1. 034 20 2% 37300_ 60 1. m
48(Q)5 a1G 4% | 16017.94 | 1. 114 || 40P)5 23P° 0%| 37368 62 1. 342
3% | 16120, 72 102.78 | ¢ 900 P 14| 3821098 84234 | 210
A 5e b 2% | 23157. 57 498, 36 3° 3%| s8012.75 1. 438
1% 23655. 93 5
04 | 21086 00 | —1032 07 4 | 1% 38668, -
3 4d'0P)5p yD° | 24| s8r8. 11| _ .
44 bet 1G 1 4K | 282080 | —2088.72 14| 3962528 | —80T17( | 49,
AORSp | s0D°| 3% |srorses| oo .ol 1410 5 04| 880664 —0.072
2% | £8860.84 | ~ oy a3 | 1.330 6° 2%| 89126, 76 1. 323
1% | s0s97.27 | 1080931 11185
0% | 31146.68 0.040 || ad(D)sp | y'P°| 1%| 3993138 | _ .00 60| 1.263
oK 43729, 08 * 0. 687
4 (F)5p $9G° | 5K | 29104 71 se2 02| 1273
4% | 28648.69 | _oep0 0a | 1.181 7° | 3%| 3949400 1. 180
3% | 81101.75 | Z114y g7 1. 023
2% | 32843 38 - 0.937 8| 24l 39788 09 L 111
® @ ® ® ® ® o o i
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Rh 1—Continued Rh 1—Coatinued

Config. Desig. J Level Interval Obs. ¢ Config, Desig. J Level Interval Obs. ¢
9°| 2% | 3998130 1. 045 5 | 43, 5% | 47862 14
10° | 1% | 40134 48 1. 230 6 3% | 47898 92

& (D)5p yF°| 3% | 4088488 _ 1. 204 4% | 47928 07 L15
292 12
2 | 40576. 86 1. 088
. O D L 268 24° | 2% | 47964 20 —0. 083
z . .

? 0% 8 25 | 48239, 04 120
44°CP)5p 218°, 0% | 40604 52 1. 870 25° | oy | 48797. %4 1. 066
40P 5p sw°| 1% | 40900.00 1. 232 26° | 3% | 48811 47 0. 928

1° | 2% | 41443.67 1. 983 27° | 2K | 49718. 30
4 (F)6e ¢‘F ,3,22 3&) gg _2se3 08| L3 9 215 | 50042 87
j fﬁ :gﬁ}ﬁ 2 e+ - 10 | 134, 2% | 50111 87 1.36
; o 28° | 2% | 60146.60
122 | 4% | 41953 07 1.127 I R D oo
4AB0F)6s ¢F 3% | 42202 51 | o000 4o A 4 '
2% | 44474 88 : 12 5% | 50199, 18 L12
13° | 4% | 4232648 1. 113 13 25 | 50207.73
4d°(D)5p 2D°| 1% | 42431 48 080,92 | 1348 14 31§ [ 50233.05 L12
Voo | 43421040 - 1. 008
' 15 | 3%, 414 | 50277. 62 L15
14° 0 3% | 42495. 48 1. 231
16 3% | 50284 72 0. 97
15° | 4% | 45042 31 1. 119 ” | 50290, 06
18° | 3% | 4304764 1.139 8 25 5040&' 2t L 02
4d(G)5p 2| 5y | 48070.04 1.097 ’
4% 19 1% | 50451 97
48*(G)5p z1F° 214 48777. 07 127. 66 0. 957 29° 1% 50721 44
3% | 48904 78 . 1. 069 0 26 | 51324 35
17° | 3% | 44688. 12 1. 260 ’
21 3% | 5135622 0.74
18° | 1% | 44620.63 0. 520
22 | 1Y%, 2% | 51419. 45
19° | 2% | 44786. 67 0. 654 2 | 2 3¢ | 5147777
4 (C)5p yiG° | 3% | 45177.68 01| 0948 ’ '
i 4y | 4531554 : 1. 106 30° | 2%, 3% | 51608. 71
20° 0 214 | 45683. 41 1.237 24 14 | 51636, 54 0.92
21° | 1Y% | 46280.09 1. 089 31° | 34 | sgws 87 0. 960
22° 4% | 4651110 1. 115 25 1% | 52413.28
23° J 0% | 46758. 86 0.024 26 | 0%, 1% | 52473. 55
1| 3% | 47713.63 1. 38 320 | 1y, 234 | 53599 23
2 | 5% | 47793.54 112 27 | 1% | 5608760
3 ! 2157 | 47832 35 1.33 28 | 13, 234 | 57610. 48
4 | a4y | 4785730 1.25 RhnQF) | Limie| _..... 60197
February 1955.
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Rh 1 Osannvep Teaus®
14 28 ? 300 3pt 3d% Observed Terms
9+
4 s'D
oD B { b b¢F 519G
w (n28) np (n25)
bt { SiF 1D L G
WOP) { <% pi- T A
448 D)n3 bD yP°  xD° 'R ad
44'(G)nz s 'G 3 tF° y1G° s 'H®
4d4'(8)nz P2 o
SFor predicted terms of the Rh 1 isoelectronic sequence, see Vol. i1, Introduction.
Rhn
(Ru 1 sequence; 44 electrons) Z=45
Ground state 1s? 2s* 2p* 3¢* 3p* 34" 4s® 4p* 4d* °F,
a°F, 145800 K I. P. 18.07 volts
The analysis is by Sancho, who has revised and extended the earlier work on Rh 1t by
Livingood and Shenstone, and by Hitchcock. From spectrograms made at Princeton by ®
Catalén, he has prepared a new line list extending from 1100 A to 4800 A. There are 494
classified lines. Observed intersystem combinations connect the systems of terms having
different multiplicity.
The Limit has been interpolated by Cataldn and Rico from a study of the ns series of the
spectra Srn to Cd 11,
The following observed g-values have been furnished by van Kleef:
Desig. J Obs. ¢ Desig. J Obes. g
a’F 5 1.37 £5F° 5 1. 43
4 L31 4 1. 38
3 1. 32
ssD° 4 1. 38
REFERENCES
J. J. Livingood and A. G. Shenstone, unpublished material; see R. F. Bacher and 8. Goudamit, Atomic Energy
States, p. 887 (McGraw-Hill Book Co., Ine., New York, N. Y., and London, 1832). (T)
W. J. Hitchoock, unpublished material (March 1952). (T) (C L)
Th. A. M. van Kleef, unpublished material (September 19566). (Z E)
F. J. Sancho, unpublished material (November 1958). (T) (C L)
M. A. Cataldn y F. R. Rico, letter (December 1956). (I P)
Rh RhI
Config, Desig. J Level Interval Config. Desig. J Level Interval
v a'F 4 00 | _omns3 %] a1G 4 | 14855.4
3 M3 | _nms
w a 1D 3 | siees Ad(a )5 o 'F 5| jeses s | —1ess6
“ Pl s | e Pl ommed | s
2 | 116437 1287 {1 | 2nsoo0 —533.1
® L ® o L o o
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Rh 1—Continned Rb 1I—Centinued
Coufig. Desig. J Level Intarval Config Daig. | J Level | Interval
2.
(e TBe bOF 4 | 253769 2062 5 4d'(a*G)8p s H° 6 | 78181 1486, 1
3 | 4| = 5 | 708880 _
3 | s34 6| 13983 s | 731004 7.4
(e P)Ss ‘P 3 | 278014 4d'(a2P)5 s 'P° 2 | s  _
2 | 28131 4 “hao ? 1 | 738463 1817.8
1| 20730 . 0
4d'(a1G)Bs a0 s | umos 8742 Ad'(a'P)5p s 8° 1 | 783815
3 33845 4 —140.7 4d'(aP)5p y 'D° é ;zgg ; -~190.0
AP(a'P)5s 5P 3 | 230 g1 3 | a7 a0
1
o | 350120 —385.9 4 (aG)5p s 1G° 4 | 788700
Ad"(a 1H)5e a'H 6 | 35787.2 1007, 3 Ad'(a*H)6p z1G° 5| 738443  _a080.3
5 | seteas| TMOT 4 | 765045 -
¢ | 3843 2| 2187 3 | 77686.0 1000.5
4 (a *P)5a ¢ P 2 | 363663 4d@P)5 ipe 2 | 73730.1 _
1 | 367100 —343.7 d v 1 | 74537.8 81.7
0 0
4d(a1G) 58 b1G ¢ | 364384 4d'(a2G)5p s 'F° 3 | 743844
4d'(a*D)5s D 3 | seess 9| _ 4d'(a2G)5p y 'G® 5 | 74609.8 _
2 | 3se223 1683. 4 4 | 74970.4 18
1 | 386875 - 3 | 7500, -
Ad'(a'H)5s a 'H 5 | 410453 446 2G)Bp s He 5 | 748%.8
4d(a *D)5s b D 2 | 42872.3 4d'(a*P)5p z D° 3 | 76691.1 P
2 | 76666.6 et -4
406 ‘F)5p 1 IF° 3 | srom.s 735 1 | 77633.0
. S
3 | 68358 5 T8 ? 4d'(a *H) 5p s 30 7 | 75906 42
2 | 59698 6 - 6
1 | 60575 ~ 5 | 765388
4d(a*F)5p 1 'D° 4 | 691615 4d'(a D)5 w'D® 3 | 76038 4
3 | eogss| 12389 P 2 | 76007.3 38l
2 | o135 o8 1 | 762425
.1
o | 620125 —131.4 4d'(a'D)5p  IF° 4 | 77842.8 —1316.9
3 | 79159.7 hee
Ad'(aF)5p 3 4G® 6 | goron 4 _2m0 2 | 783039
, 4 g
4| e v+ ad'(a*H)5p DU 6 | 78s97.¢
2 | 622853 —us s 4d'(a H)5p y H° 6 | 78736.4 _e83.9
5 | 79399.3 a9
wamsy | wor | g | med| G i
3 | ess2r s —1361.7 ad'(a*P)5p y 18° 1 | 790442
Ad(a ‘F)5p 8 F° 4| oz s —1128 8 4d'(a*P)5p s 1P° 1 | 79647.6
9
2 | 64870 4 —1815.5 4d'(a *D)5p s 1D° 2 | 79175
4d'(a 'P)5p 380 2 | 63614 4d(a 'P)5p y 1D° 2 | 799988
ad'(a ‘F)5p 3 D° 3 04819. 4 —1250. 4 4d'(a 3H) 5p y 1G° 4 81488. 6
2| Sorss —890. 9 A D)bp y 'Fe 3 | 81788.9
Ad'(a? apo 81965.0
4d'(a ‘P)5p s P° 1| gooess 7.8 @*D)%p * 11 Sebrq| —184
: 114.7 Y
3 | 691651
I - o, Ad'(a *H)Bp y 'H° 5 | 828307
| (a3G)5p y 3 7”030"33:; :32“6&; 4d'(a D) 5p y P° 1| 831762
| 2 76152 4 4d'(a* F)bp ¢ 3D° 3 873940 —536.1
Ad'(a*P)5p y 'D° 0 | 70199.2 43,0 3| smes0. 102 &
2| Jies B4, 1 || ~emmmmmmmmmmmmmofe e oo el
4 | 710057 —702.0 Rh m1(Fa Limit |..__.. 145800
December 1958,
® ® L ] ®
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Rhn Osssavep TurMs®

18 2 3 30 3 Observed Terms
3 4 4
4 {l P a'F
a'D a!G
ns (n28) np (n 25)
(e Prna { S P R S
(e ‘P)as {¢% JiEe  Jibe  Jibe
4 (a*G)nz { :g ! :g ! g: : :g:
4d'(a 'P)nz {b P 58° : :g : :g:

H 1G° S S0
4d' (e *H)nz { : 0y ; 1G* : 1He : 1Je
wonme (1B VR ONE E
4d%(a *'F)na e 3D°

*For predicted terms in the spectra of the Ru 1 isoelectronic sequenoce, see Volume 1, Introduction.
Rh Iy
(Tc 1 sequence; 43 electrons) Z=45
18® 28% 2p° 38% 3p° 3d'° 48® 4p* 4d" ‘F g
a ‘Fgs 250500 K 1. P. 31.05 volts
The analysis has been carried out by Catalén, Sales, and Shenstone especially for inclusion
here. They have observed the spectrum from 687A to 4800 A, and classified 854 lines.
Obeserved intersystem combinations connect the systems of terms having different multiplicity.
The limit has been interpolated by comparison of third spectra from Y to In, and furnished
by Catalén and Rico in advance of publication.
REFERENCES
M. A. Catalén, M. Sales and A. G. S8henstone, unpublished material (October 1955). (I P) (T) (C L)
M. A, Catalén y P. R. Rico, An. Real Soo. Esp. Fisica y Quimica (Madrid) {A)] 83, 85 (1957). (I P)
Rh T Rh 1
Config. Desig. J Level Interval Config. Desig. J Level Interval
4d? ‘F 4 0.0 4d? *H 5! 19400. 2
¢ % auds —hars ¢ % Hexd | -1
3% | 3ass7 | 13812
1% 22046. 6
o a*P W loeers 9.2 4dr 1F 2% | 316155
0% | 12469.8 | —1472.7 ¢ 3% | 32w 7 480.2
4 G 4 14044. 0 4d*(*D)5s D 4 43022. 0
¢ | Isnsg | —1m2s D) ¢ 55| %4 —1372.4
4 a'P 1% | 16870.7 W | laras | —tes4
0% | 18303 7 | —1433.0 0¥ | 462271 | —380.5
® L ® ® o ® o
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Rb m—Coatianed Rh I—Coatinned ®
Coafg. Desig. J Laval
Interval Config. Desig. 7 Level Interval
b 4D 14 | 491834
3% | sosz3s | 13689 APCD)5p 2D° | 34 | 1008455 | 013 o
b 3% | 101857.9
)8s a'D 3% | 546323 19 | sossss s | “30%3
?6 2%?% } —_lggi g 04 | 108887. 3 @
W | el | ems | OSSO e | ]
ADCP)Se beP 2% | ey | s 2 | 1032340 333.2
oK mlm!' 1 —2519. 4 4dCF) 58 ¢ {F ;é }02101.. ; 80
4'CH)5s atH 8% | 64350.0 3 | 103410 4 ‘g% 3
b4 | eissas —82e 4% | 1034630 :
3 65483, 6 —205. 7 4d*(®D)5p 'R ad ?})‘ :gﬁgg’ f —1300. 7
RS b<F 4| eioes | e o | 1068350 | ~T428
2 670257 | —3411 ACF)5 dIF 2% | 1066681 44 3
1% 67476.8 | 451 3% | 107009. 4
4a4(G)Se a'G 5% | 705613 4CP)5e cP 0% | 106726.5
4% TIAS. 3 168 1% | torsiz 0 | 10888
2 | 7aze3 | 21 44 G)3e 4G 8% | 1118975 | _j006 0
P OH)se 3% | 1129235
) bH 5% | 73580.2 «BOP)5 .
414 73i9z.0 | —61L8 P 58 1% | 118843 4
4d%(P) 54 bIP 1% | 7essn7 4'CP)5p y'P° 2% | 1199011
0% | 740006 | —2071.9 (1”52 1149880 | —367L9
44'CF)3e bF 3% | 76752.3
2 177086 | —963 4d°CH)5p 24G° 2}}2 ; ;ggéz 1| _esso
A0G)5e b1G 4% | 793047 3% 11311 6 —348 4
314 | 80600 4 | 12957 2% | 11ises s | —UST Py
4d'(D)5s bD o% | 81589.5 4" CH)Sp sH® | 6% | 1138937 | _3e6
1% 81713.6 124.1 2% 114280. 8 —541.8
2% 81893. 5 179. 9 3“ 114828 1 _m' 6
3% 83156, 5 263.0 J— 16 | 1154917 .
Ad(1)5e ail 6% | 820067 ¢'D 2% | 115013.2 | _j000. 8
5% 82414 5 —~314. 8 oE)5p _ ;); 116104. 0
24 1165690.
4(C)5e ¢'G 4% | 831287 o5 | liosos o | —812-9
3% | sazer3 | —H86 5% | 116s4s0 | —18%9
430D)S5s 1D 4 ; 4% | 116064 8 7.3
2% | 86377.3 3727 4CP)5p yp° | 3% | 116769.4 | _s0a9 9
ABCS)5. 2% 119718 8 85
s a8 0% | 881510 1% | 120668.4 ' 300 :
4a%(:D)5s dD 2K 88248 7 p— 0% | 120858.7 .
1 —~277.6 P 23D° 2% | 1169916
42(D)5p - ; sesia 2 14 | 11e0r8i0 | T804
3 4 91818.7 40CF)5;
11 o151, 7 —202 9 (¢F)5p y ‘F° ;% 116011. 1 317
9% | osssss | "3043 W s 84.3
1% | osy128 | 3809 0| Heker i 457.1
0% | gssog.s | "398 ACH)S . 4
4d0D)5p e 5% | orevs.s )5p 3G ;é 116205.7 | _gpp 3
S Srers 38.5 116965, 0 :
3% | 97878 4 188.9 44°CF)5p zD° 3 116990. 8
2 | a7e30.0 | 2518 2 118847, 7 | —1286.9
1% | orres e | 1389 1% | 1189889 | 733
o 0% | 978149 —45.4 o0 | 1195189 | —40°
¢F 3% | o97867.8 4 0F)5p yG° 5% | 117875,
e e | i | g
)5p sP° | 3% | os04.9 19.1 | _g108
| 3% | 100041 8 | 718949 - 2% | 118129.9 -
| 1% | 1028738 1.8 (8)5a b8 04 | 118210.27
44%(*D)5p sF° 4% 4d°CH)5; 1]°
| 100767. 8 P 51 68 118277.
\ 3% | 1084408 | 10895 5% 118555 | —018.8
24 | 1088189 | 3671 405 ge
i3 | 1089808 | —968.3 P #'F 3K | 118850.8
234 | 1194818 | —63L0




Rh m—Continned Rb m1—Continned
Coaflg. Desig. J Level Interval Config. Desig. J Level Interval
APeH)8p s'H* 5 119734. 0
O | iaesso | —uso LD vt | ik | e
4CG)5» 3G° 8% | 110841.7 | _a11 0 448'('D)5p wIp° 0% | 1898146 545
;ﬁ }:%:: ; —1000. 3 1% | 189780.0
| 1s1ae87 | TTRT (Hip vD* | 3| 135 | gy
W eNsy ¥IG* | 4% | 1100980 008, 6 OF)S e | o3 '
3y | 180000.6 | ~ P ’ & {“um e 208 7
4'CP)5p Pl of 1% | 190014 8 4%(F)5 s
—1607. » wiF* 3% | 1486480 | _
‘ 0% | 12911, 4 7.1 3% | 1470813 535.3
44'0G)3p s 'F* ;u ;tmxz f - 1% 2 4dCP)5pb wiP* (‘»'2' ;%; ; 204 7
3 123%00.8 | ~ ; : 753. 3
T N . 3y | 1476252
40G)5p vH | 6% | 1209099 AB05) 5t *'D 0% | 148999.1 338 3
5% | 1sssss. g | —3%3 1% | 147877, 4 o
o4 | 1833050 | 1208 3| LmaLe | 3053
3% | 1ssiors | T3 o . : 141046.
440F)5p viD* | 2% | 1n4408.1 Pt wG* | 24| 1486981 225. 2
1% | 149776 | 5745 3 | 140 1 ne8
4°CP)5p £8° 0% | 126265. ¢ 5% | 140287.8 -
4(¢G)3p yIF 3% | 188340.7 908 1 4P 5pt v 14 | 1487348
woms 3% | 127236 8 4dSOF) 5pt uiD°® (lv,g 12534‘% s 1026
P s P° 0 3 .
W | 15t 380 4 2% | 16t487.8 | AT
2% | 1271478 3%4.3 3% | 152368.5
44'CG) sHe 4d'CF)5pt u1D® 1% | 158556. 4
i v iﬁ 37634’3: 5 | —1400.6 2% | 162906.8 350. 4
44°CD)5p wiD® 0% | 197885 ¢ 44*("D)6s esD 4% | 152765. 07
1% | 108697, 3 % ! 3%
2% | 128818 5 e %
3% | 128928 8 3 (1”52
44°¢D)S Fe 2908
P v %ﬁ ffgm } 102 1 4d*CF)5p u3G® 4% | 152989.6 | _ 395 2
3% | 129120 2 g’; ? 3y | 1533847
415 K A | 1898650 ) 4dVCF)5pb v iFe l 2 163401, 8 080
4 23K° 6 e -
™ | isosts s | ues? W | 1ozess | G0
4 (G)5p 1Go .
R Bl B I IR AL
A 0D)5p sHe | 4% | 1304064 LOP . '
r¢ | 130999, § 593.0 CP)5pt D ;}}2 ;ggg;g; 906, 8
4('G)5p w1G® 4% | 131817 4 . '
3K 132006, 1 —188. 7 (P)5p4 v1P° (1);2 :g‘% g 2444
4(G)5p z3F° 3% | 132986.5 400P)5 'go i
214 | 138%50. 8 —363.7 P ¥*8 0% | 1591826
44'CD)5p 1pe o 2308, 4d'('G)5p} 83F° 3% | 160598.7
v 1.‘2 ;.magf 5 376.7 2i¢ | 1811504 | —%67
44'(1G)5p wiHe® 5 : 4(1G)5pt t1G° 4% | 161846. 4
4;’2 ert 1 3085 314 | 1630308 | ~1184-4
44*CD)5p z31D° 1 P 48('G)5p viH® 5% | 184197.1
g’,§ R 4015 4% | 1650s5.0 | —%79
4d%(:1)5p yile 8y | 1346, 4a(D)5p* s1D° 2% 166719. 4 _
5% Iskses. 1 | —068.4 1% | 167426 ¢ 706. 8
44'CD)5p wiFe 3 185 44'('D)5p* up° 1% | 167781.9
2)}2 Toeror | —1ee1 0% | 1682879 | —5080
44('8)5p z1pe 1 4a*('D)5p rtF° 3% | 1679%6.7
0% f%ﬁé 5| —30us 2i¢ | 1685087 | —908.0
44'('D)5p vIF° 2% | 137737.5 wio | T | e come | e
3% | 188218.5 . Rhiv(D,) Limit | .._._ | 250800
February 1957.
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PALLADIUM

40 electrons Z=48
Ground state 1s* 34* 2p° 347 3p° 34" 44* 4p* 44" 8,
4d¥ 8, §7338.0 K 1. P. 8.33 volts

The analysis is from Shenstone, who, in 1930, revised and extended the earlier work by
McLennan and Smith, Bechert and Catalén, Meggers and Laporte, and others. With the aid
of recent ultraviolet observations he has carried it still further, ana furnished the additional
levels especially for inclusion here. There are 390 clasmsified lines between 1723.65 A and
9234.02 A. In the 1930 term table he gives observed g-values based on all available material.
More recent Zeeman dats from the Massachusetts Institute of Technology have been published
by Lindsley and Rosen, who also derived more sccurate values for some of the energy levels.
In the table, the two-place entries for energy lovels are from their paper. The first column
in the table (Iabeled ‘‘S) gives Shenstone's notation.

In his 1953 paper, Shenstone discusses forbidden transitions in the Pd 1 spectrum. He
explains the level previously called K, (54885.7), as resulting from ‘“forced’ dipole radiation.

The singlet and triplet systems of terms are connected by observed intersystem
combinations.

Mack has noted that the sequence Pd 1—Sn v shows a gradual transition from LS- to
1-coupling for levels from the d* s and d* p configurations. By analogy with Cu n1, the writer
has prepared the following table giving the Jl-coupling notation in the form suggested by Racah.

Asthor Counfig. Desig. J Author Conflg. Desig. J
ne g- 4@ (Dygns ne [3X4] ; nd '8, AP (Dyond nd (03] 1
’ »d1G, " nd (451 5
ne :B, 49(Dy)ne ne’ (18] % 1q, 4
* »d B, ” né [1%4] 3
1
8 4 ]
»p .;,I CDygnp np (NP 3 od D, " nd B ;
]
np "l"‘l np (3K 2 od :;' " nd (%) :
4
”& > BAF ; nd 'P, ” nd [0%) 0
":l"‘l 4@(Dy)np np’ OM]° 11! nd P, 4P(Dyond nd’ [04) 1
. »d 3G, ” nd’ [3%] 3
».gl' ” np’ (3%4)° g 1G, 4
nd D, " nd’ [1%] 1
"g ” np’ (14)* ; 1D, 2
” 2
~F " BH) 3
nd 18, ” nd’ [0%] 0

c ofe o
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Pd F—Continwed
Shenstone has derived the limits from the ns *D, ns 'D series (n=6 to 8), by means of &
Rits formula; and lists in his term table the Rydberg denominators for many of the levels.
REFERENCES
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(Summary hfs)
Pd1 Pd1
S Config. Desig. | J Level Interval | Obe. g‘ S Config. Desig. | J Level Interval {Obe.g
a8y, | 4am 4415 |0 0. 00 0/0 || 5d3P: | 4 Ds)5d | 5d P | 2 | 54820. 6 —21
5d 3P, o 1| 54822.7 | _ oo d
881D, | 4Da)5e | S¢ D | 3| 656411 | | o0 gg/1.333 || 5d°P " 0 | 55373.0 -
5¢ 3D, ” 2| 7754.99 | T390 g2 128
5¢3D; | 4Dy 5s 1} 10093. 94 0. 497 ﬁ :B. 4d'(Day)5d | 5d D g ﬁg&. ; —30.8
501Dy | 4dGDyoSs | 5 D |2 | 1172177 1.040 | 5d3D; | 4Dyy5d 1| 58108 1 |—3409.6
1
adF, | 4dv 58 S8 3F | 4251001 |_ ! 5d3F, | 4d(@Dy)5d | 5d F | 4 | 55025. 2
a °F, 3| 282135 |—31124 54 F, 3 3850122 | o130
aF, 21 29711.0 . 5d 3F, 4d*(1Dyy,) 5d 2 | 58555. 8
5p3P3 | 4d(Da5p | 5p P° | 2 | 34068.93 11y 7|1 482 65 | 4d*5s( )5p 2, 31 55633, 7 0. 927
5p 3Pt ’ 1| 36180.64 |~ 3007 1111 306 ‘
59, | 41Dy 5p 0 | 38088. 11 400 7° | 4dv 5s( )5p 27 56335. 67
5pIF1 | 4d"CDn)5p | 5p OF° | 4 | 36987.89 | 4z 4oi1.25 83,4 | 408 58( )5p 3, 4! 56644 3 1. 06
5p 3F§ & 3 | 36451. 40 | _a3c0 3l 063
5p3F} | 4d%(Dyo5p 2 | 38811. 88 - 4%, 752 201 | 4% Bs( )5p 1| 66645. 8
5p3D3 | 4d(Day)5p | 5p D° | 3 | 37898.71 | 1. 4gl1 276 213, | 4d% 5a( )5p 3, 4| 56911. 1 1.33
5p 3D} ' 2 | 36975.98 | _ 3350 50l0. 988
5p'Dt | 4d*(*Dyy)5p 1 | 40368.73 - 0. 831 2213 | 4 5s( )5p 1,2 57136. 87
5p'F3 | 4(Dy)5p | 5p 'F° | 3 | 39855. 33 1. 081 93 | 4d*5s( )5p 3| 57264 8
5pD3 | 40Dy)5p | 5p 1D° | 2 | 40771. 46 1. 114 103 | 4d% 5e( )5p 2 | 67564. 8
5p'P1 | 40DuY5p | 5p 'P° | 1 | 40838. 80 0.768 || 7s3D; | 4P(@Dy)7s | 78 D | 3 | 58064 1 —74.3
78 2Dy ’” 2158138 3 —34684. 5
z :B. 400Dy )6s | 6s D :; :g(a)%, § —215.3 72 %D, | 4d(Dy)7s 1| 616028
t ),
6: D, [ 4d*(Dy )60 1| 52338 3 ({—3316.8 121, | 4 5e( )5p 2 | 68108. 7¢
51 |45 )5p 3| 50910 4 1. 477 23y | 4d* 5s( )Sp 3| 58108. ¢
13 | 4d"5e( )5p 3| 52467.0 1.26? || 5d1P, | 4d0Dy)5d { 5d P | 1 | 58195.3
823Dy | 40°0Dy06s | 6s D | 2 | 52487.7 243, | 44 Sa( )5p 3, 4| 58316. ¢ 1.25
6p 3P} 4@*(3Day)6p | 6p P° | 2 | 58089.07 | 541G 48°CD,)5d | 5d 'G | 4| 58387. 8
o 1P} o 3 | 51506 7 |—1786.7 J (Do
o 6piF; | 4*(D,,)6p | 6p 'F° | 3 | 58389. 8
8p'F1 | 4(Dybp | 6p F° | 4 | 54335. 9 143 | 4d% Bs( )5, 2! 58415 2 0. 917
6p ¥} ' 3|ssvere |_ 5743 2% ’
6p 'F3 4d*(3Dyyg) 6p 2| 57925. 8 5d1Dy | 4d(Dy)5d | 5d D | 2 | 58448 5
54 18, 4d'(?Dy)5d | 54 8 1| 545741 5d 1P 4d*(D;y)5d | 8d 'F 3| 58561. 7
6p3D; | 4(:Dy6p | 8p 3D° | 3 | 54599.5 sdt 4d(Dy)5d | 54 8 | 0| 58681.3
693D} ” 2| 641747 |_j424-8 S ¢Duo
8p'Di | 4d*(D,)6p 1| 68016.7 155 ! 4ds5s( )5p 3| 69148. 2 1. 042
4 | 4 5e( )5p 4° | 8]54878.0 1. 297 1612 | 4a853( )5p 1,2 59687, 8
543G, | 4d(Dy)5d | 5d 3G | 5 | 54806. 1 173 | 44 5s( )5 2 | 697%0.9
54 4Gy 3 4548113 |52 : ¢ 25
843G, | 4Dy 5d 3| 58348.9 . 255 | 4dv 8s( )5p 3| 59864. 5
] 9 @ L J ® L ® o
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N 1—Continned 1 1—Centinued
8 Config. Desig. | 7! Level | Interval [Obe.g 8 Config. Desig.
M | 4PS( )Bp 2 | 00009. 5 8 'D; | 4d*°CDyg8s | 8 D
m | 4P ) 60884 4
648, |4PCDyIsd | 6 8 60235 8 s1Fy | 4P 5aCF)Bp| S5p''F°
38y, | 4P 5e( )Bp 3, & 60310. 3 s'Ds | 4 54(0OF)5p | 5p’ D*
6d G 4°(Dy8d | 64 3G | 5] 60816 4 31° [ 4dSe( )
841G, Zand 4|eonae |_,o20 »
634G, | 4*CDy9td 3 | 63883 321 | 4 8e( )5p
30° |4 4 00317. 17 8313 | 44 5¢( )Op
Cd'P, |4d*(Dyubd | 03 °P | 3| 60232 8 9 'D; | 4&*('Dy)% | 9 D
o 1| 60334 6
]
6d *D. 4d*(Dyugd8d | 64 *D | 3 | 60370 6d G, 440Dy )8d | 6d G
80, CDwd 2 _ _% g s @Dy
D, | 4d°(CDyo6d 1 | 63806 6d ¥, 44°0D, )84 | 6d 'F 3
6d 'F 4d°(*Dyu8d | 6d F | 4 | 60404 341,y | 44 5e 1, 3| 63901. 87
ad 'F: ( "8() H 3 —m& g ¥ ( )5’ J
6d *F, 44°(CDy ) 8d 2 | 63037 381,s | 4d° 5e( )52 1, 3| 84s80.00
4d* 5 2|608ss.2 | | f [T pTTTTTTTT
™ o Piu(®Dgg | Limit |_.__| 67208 &
1G] | 4 540F)5p | 5p'1G° | 4 | 60728. 7 1. 207 )
Pd 11Dy Limit ___! 70778.0
181,5 | 44* 5¢( )5p 1,3 60789. 5
78'D; (4°CDy)7s | Ts D | 2| 61638 6
February 1955.
Pd1 Ossxavedp Tuxus®
Co! Obeerved Terms
12 2452p* 34 3p* 3d™ 40* p0
4» 4498
4dt 50 58 IF
ns (n 28) np (» 25)
5-9¢3D P* 5,6p *D* §
48CD)na { 5-701D S b ™5 1D 5 op e
4P m-] ”l ‘D. 5,! |,l. 5,! 100
nd (n 235)
6d 8 5,64°P 5,64°D 5,6d°F 5 64°Q
4P (D)ne (%33 8 %54 “54iD 56diF 5 641G
*For predicted terms in the spectra of the Pd 1 iscelectronio sequence, see Vol. 111, Introduction,
] o ® ® o ® o




(Rh 1 sequence; 45 alecirons) Z=48
Ground state 14* 24° 2p* 34° 3p° 3d" 44° 4p° 4d" "Dy
44" "Dy, 156700 K L P. 19.42 volts

In 1928 Shenstone revised and extended the earlier work on this spectrum, and published
356 classified lines in the interval 1115.18 A to 4158.95 A. This list is from observations by
himself and others. Those in the vacuum region are by H. E. White, who located the ground
term.
Blair used s Schiler tube to observe the spectrum more completely, in order to extend the
analysis of terms from the 4d*Gs and 4d® 8d configurations. His list covers the range from
2124.33 A to 3382.57 A, and includes 257 classified lines. About 60 lines are common to both
published lists. Blair improved the values of eleven higher levels given by Shenatone, and
added 35 new levels. He revised the levels at 112872.7 K and 114840.2 K, designated by
Shenstone 5d ‘G, and 8¢ ‘P;, respectively, retaining the latter level as a miscellaneous one
labeled od 3x¢, and rejecting the former one.

The g-values in the table are from the 1941 paper with the exception of four entries for high
levels, which are from Shenstons. Three place g-values are, in general, from resolved patterns
observed at the Massachusetta Institute of Technology.

Shenstone determined the approximate limit 160605 K from the 5,6¢ ‘F series. This
was recently revised by Catalén and Rico from a study of the series in second spectra from
Srx to Cd . The revised value is quoted here. Blair commenta that the ‘Fg,, ‘Fyg levels
“appear to be approaching the same limit as would be expected with the inverted type of
convergence pointed out by Shenstone . . ..”” This type of convergence is discussed under
Ni1in the present volumes.

Observed intersystem combinations connect the doublet and quartet systems of terms.

REFERENCES
Shenstons, Nature 193, 737 (1938).
Shenstone, Phys. Rev. 3%, 30 (1938). (IP)(T) (CL) B B)
. 86, 178 (19806 (T) (C L)
. Rosen, J. Opt. Soc. Am. 81, 531 (1941). (Z E)
. Real 8ce. Esp. de Fisiea y Quimies (Madrid) [A] 48, 328 (1082) and letter
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MI MDD
Authors| Cong. | Desig. | J | Level
Interval | Obs. Authors Counfig. Desig. | J Level Interval th..
WD, | @ 4@ D |3
4B B wd o || R | | |n| e
. dp D 14 11
§:§: wonte |se P | 44) 20810 | g g 1230 b D, 3| a0 s ooa 3
. 2ic | 28037.0 | 18327 I} 03y 3
Be ¢F ~1018 6 |} kpiH, | 4PCG)Sp (5p"*BH®
: 1% | 200456 ad || bpiH, Yop |bpiH | SH | Sas0s o | 18032
8F, | 40FBe |82 F |34 | 32277.9 ' 3508,
. .9 | 1.148 || ¢ Dy | 4°CP) f 1p° 2
8 1Fy 2is | 344220 |34 1 [1 096 || »'Ds |5 1)’2 gmnig —569.8
L)
g: :1;: APOP)Se |50 P g;‘ 3”81' (5) —1083. 5 iiﬁ ep '8, 4P0P)5p |5p’ B° | 0% | 86070.7
8¢ P, o M’m ¢ |~1137-4 (3 ge6 :;:;: 40P 5p | 5p° 2P° ‘l)% 85161.0 | _gggn |
z :g' 48(D)Ss {3s” 3D | 14| 395711 1.165 || kpF . g |
. 3| ANoa3 | 10972 |y a50 || FEIRs | 4ECQSe BIFT | B | Otk 4 |—1077.3
120. 4 | .
LYR) 4°CP)5a |8’ WP |1
1 | | o3| e | oy o o i s
kp G 44‘(‘6)5 (TIXVel]
5 3G prs ‘ p | 5p’"'3G° | 3% | 89682.5
SoiG | 40O (BTG ) de1s 0| 1083 )&% ks *4| saoss | T
6 'F, | 4CF)6s [6s F |4% | 10461
‘ 6.0
e De | 4rCDEp |5 D | 3| 70| sy 140 || 8.5 3% | 105308 2 | 832 2
ap Dy 34| g7o08.2 1 3176 1333 | 6 oK, 24 | 108147.0 |~ 305 §
op ‘D, 0% | Tire o |- r0m1 o 0e8 ’ P 10,0 '
- 6 'F, | 4 0F)8s |6 F | 3% | 108146.0
:;:g: 4POF)Sp |5p G° 2 g%;g 1312 5 } gg 6s °F, 2% | 109928 5 —1782. 5
ap 4G, 3% | eoer0. 8 |~3811-2 |y 64 Dus | 4°CF)5d (84 D | 3% 110204. 5
ap 4Gy 21| 71089.5 |7 14593 a8 || 4w ";’,2 110821, 9 | 174
ap'Fs | 400F5p |8p F° 0987, 0%
ap *Fe P gﬁ nui'; -13083 |13} || squp 0886,
ap ‘Fs 24 | 78118 4 |88 7 iy o | 4PCF)Sd | 5d F | 4% | 110886.6
ap ¥ L4 |50 & |1 047 || Bd *Fug RS
p ¥y 1 78348.0 4 0. 724 || ed ‘Fug g& ng —3137. 9
apiGs | 480F5p |5p 1G° | 4% | 7ee85 od Fus 1% | 1154407 | 71221
S 4 .0 | _oaaa 7 {L 18 )
- - K| 743187 0. 99 adg.u 4°0F)5d {84 G | 5% | 110810.3 336. 7
ap D, CF)bp D° | 2 - | e |-
2 s 5p 1§ 78738.8 | _ 3368 4 L a0 g g}}z 113835 7 |—2588.7
op3F, 448'CF)5p Fe 13
oo g T e o | | s s\ e s
bp Py | 4POP)Sp |5pr P° | 3% | 767674 1 é o
bp Py 1h| 767555 129 13, 34
bp *Py ok | 76807.4| 2%
S D T 4 3 266 1 3% | 114001. 4
2 )
@b [ g,}z 78108.8 | o437 1. 056 ed 'Ful| 4PCF)5d |54 'F1 g};z 114241. 0
ep 3P, 44'('D)6p e 3pe | O
@ B p ”}2 798184 | 1349 1 [1OO od 2us | 400F)5d 2% | 114647. 6
311’3: APCD)5p | 5p' 3D° & 81567.8 | 400 g |1 188 od 3u | 4PCF)Ed 2% | 114040.2
32057, 0 120 !l od 4y | 40F)5d 0% | 115426.9
[ ] L J @ ® ® ® o ® o
- it ionomatetts e S———
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N D—Coentinned

Anthors| Conflg. Desig. | J Level Interval | Obe. ¢
od Bug | sPOTIEd 3% | 118651 5
o 6y | 4RO 3% | 118771 3
8 P, P)6s |6’ P [3%] 116511 6
6e Pyt e 18 118144 6 [ 719339
6 Py, o} | 118918 4
o T | WPoPSd 2% | 117140.7
od 8y | 4roFBd 1% | 1173821
od 0 | 4POFSd 2% | 118648 5
8¢ Dy | 4(D)8s {60 D | 1% 1187817
6¢ Dy 2% | 110304 6 | 6129
6 Pt | 4doP6e |6 P | 0% | 119080 6
6 *P}y, ¢ 1% 1197436 | 6630
68 1Gug | 400G)6s |80 2G | 4% | 122706, 0
88 Gy 3% | 1227185 —128
110y | 48(D)sd 1% | 123785, 0
fd 11y | 40D)5d 1% | 123868 1
1d 12, | 4(D)5d 2% | 124149 6
Jd 13y | 4(D)5d 2% | 124280. 3
fd14 | 4aD)sd 124930. 0
9d'D | 48(0G)8d | 547D 2 | 13553

Wus | 480G)5d |5d7sF | 3% | 128623, 6
0d 23 | 128664, 5 | —10-9
943Gy | 4%0G)5d [5d7:G | 4% | 120309, 3
9 3G 3% | 120382.5 | —732

PAmEF) | Limit |.___| 156700

December 1956.
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® For predicted terms in the spectrum of the Rh 5 isoelectronic sequence, see Vol. 111, Introduction.




(Ru 1 sequence; 44 electrons) Z=46
Ground state 157 28* 2p* 38° 3p* 3d" 4s* 4p* 44° °F,
a °F, 265600 K 1. P. 32.92 volts

The extensive analysis is by Shenstone, who has carried it out especially for inclusion
here. His observations extend from 695A to 2050A. He has classified 800 lines and derived
the limit 265900 from the ne *°F series, (n=35,6) by means of a Ritz formuls, with an sssumed
value of a=4X10"%. The quoted value is from Catalén and Rico, who have obtained it by
comparison of the third spectra from Y to In. Observed intersystem combinations connect
the terms of different multiplicities.

Shenstone’s investigation of this spectrum is so complete that only three levels “from the
expected configurations” remain to be found. He emphasizes the fact that ‘‘the assignment
of terms to ions is in many cases doubtful” and he feels that the levels should not be grouped
into terms in the table. On account of the increased inaccuracy of all levels lower than a °F; he
suggests, also, that this level be adopted as zero.

The writer has rearranged his data to conform to the general format adopted for these
Volumes. The users are urged to bear in mind the reservations made by Shenstone regarding
this formai and to consult him for further details.

REFERENCES

G. Sheustone, unpublished material (January 1956). (I P) (T) (C L)
A,

A
M. A. Catalén y F. R. Rico, .An. Real Soc. Esp. Fisica y Quimica (Madrid) [A] 83, 85 (1957). (I P)




45
P m Pd
Config. Desig. J Level Interval Config. Denig, J Level Interval
Y o ’F 4 s | —am0.7 4d'(*P)bp s 8° 2 | 1183886
2 46873 | —1457.8 4d'(*F)5p s 'F* 4 | 1184408
3 | 1138019 | —1352 8
A e'D 2 10230. 5 2 | 1157380 | —1936.1
3
“' P o] pmy | g | e | e | e |
2 14634. 3 3 | 1185189 | —1632.3
4 8 1G 4 17880. 4 4d'(F)5p 5 1D° 3 | usrsee | o0 4
4d'(°F) 58 a ’F 5 52915. 9 1 | 1175664 | —776.3
4 55088.8 | —2172.9
Pl oM | Tms | ww || G| ees
. : 120043 1 -
1 58527.3 | 0823 3 | 120228 ¢ 179.3
wepse | o | 4 o | s | weos | eme || s | e
2 67079.4 | —1824.0 6 | 1233298 2641. 4
T(¢ 1)
wonse e || e | g | weow || s |
1 67151. 4 - 2 | 1e7s78¢ | —314L7
weas | o3| sy | weme || e e |
3 72786.1 | —1738.9 2 | 7128988 1 1258.7
3 | 1#3508. 4 510.3
4d7(:P)58 b *P 2 72745. 0 4 | 1218995 | —1003.6
1 73002.6 | ;2578
0 74281, 2 4d'0P)Sp z P°? 2 | 1e3818. 1
1 | 1#6477.4 | —2164.3
4dT0H) 58 s H 6 74673.3 | _aas 3 0
5 75967.6 | —3294.3
1 78581, 1 - 4d7(P)5p £18° 1 | 128779.0
4d70G)5s b G 4 75403. 0 4d'0G)5p 11G° 4 | 1244319
4370P)5 s o
e AR T T B L R 7 e
0 78732, 5 1| 1849761 | —
(3 3 3
wemse | e | g | g | ey | wems | wie || s |
1 78120. 0 . 3 129682. 5 —1697. 4
7(2 1
4d7(H)5e a'H 5 80805, 1 4d70H)5p 2310 1| 1216458 2382, 7
4d10P)5e 6 1P 1 82620. 3 5 | 127906.6 | —2743.5
447(0D)5s b D 2 83204. 3 4d70G)5p 3 3G° 5 | 185389.9
4 | 1269140 “‘?0“&;
4d70F) 58 ¢ F 2 85420 7 09,7 3 | 1g7017.6 | —
4 86795. 2 964.8 4d'0G)5p z 'F° 3 125694, 8
44'CF)5e ¢ 'F 3 | 90684.3 4d'('P)5p y P° 2 | 1200086 | _ o0 0
4470D)5¢ 1)) 1 | 103520 47 20,2 Lo} 1sr14e.6 )
2 | 1035496 s &
3 | 1044191 :
44'0G)S5p z H® 5 | 187187.1
4d7('F)5p z SF° 5 106146 4 726. 7
3 | loases s | -8 D% =D 3 | imwmers | -ls0o
| | by e
4d'('F)5p s D° 4 | 108116.7 447CP)5p w?D® 3 104 | 1
3 109724, 6 —1608 8 2 128214. 8 —286. 8
2 110941, 0 —1216. 5 1 128501. 1
1| 117094 | Z]88 8 44'0D)5 iFe 4 | 1304768
0 111847. 8 . 4 z : —1568. 4
3 | 132044 7 g
4d76F)5p £9G° 6 | 109015 4 60. 9 2 | 1s062L.0
5 109076.3 | _jeuo'
4 110749.0 883 2 44'(H)5p s 1I° 6 130869. 8
3 | 1esie | —8822
2 | 111808 9 . 4d'(P)5p 5 18° 0 | 131480 8

ePs ®




|

Pd m—Centinued Pd n1—Coatinued
Config. Desig. J Level Interval Conflg. Denig. J Level Interval
44'CH)5p y '‘H® ] 1815650. 6 —740. 9 44'0F)5p z 1G° 4 141018 4
5 | 1323005 | T\ii0 7
4 183450. 8 . 4d'0F)5p v 'D° 3 141883. 7 —936 4
2 142990. 1? 71
4d'(‘P)5p y 8° 1 | 13s181. 2 1 | 1481080 .
4d'CP)5p s 1pP° 1 138716. 7 44'(0D)5ph wip° 2 158999. &5 —637. 5
1 | 1546670 | ooy
44'0D)5p s 1D° 2 | 1397429 0 | 155389.5
4d'0P)5p y 'D° 3 | 1308511 4d70D)5pt u iD° g 156576. 8
4d7CH)5p y 'G° 4 184638. 8 1
4d70F)5p w'G® 3 | 136169.8 3880, 8 4d7(F)6s ¢ F 5 | 169831.1 400, 2
4 189049. 1 . 4 170330. 3 Y44
5 | rasrpe | 1 3 | 1717854 —1485.1
4d'0D)5 z P° 2 135¢218. 2 _ 1
D3 1 | 1374889 | 20707
0 187740. 61 : 4d'(‘F)6s e 'F 4 173635. 6
3
4d'(*D)5p y IF° 3 136356. 8 2
4d'(D)5p y 'P° 1 136782. 8 44 5s(*D) 5p y3F° 5
4 | 193228.6 | _ o. o
4d'(H)5p y 'H® 5 136847, 4 3 195160. 0 — 1385' 1
2 1965645. 1 .
4d'0F)5p z 1F° 3 187160. 6 1
4d10F)5p w IF° 2 | 1884166 | oprmoa N cecemmeeceee | e SR I
3 | 1i047s.8 | 20578
4 141980. 1 Pd1v(*Fgy9 Limit ———- 265600
40P 5p z 1D° 2 | 1406636
February 1957.
Pd 11 OBsxavED TERMs*
Configuration
i 23 2p* 382 Observed Terms
3p* 3d1 4s% 4p%+
ads {a p aiD alF 41G
ns (n2>5) np (n25)
F sp° [} ) °
AT'(Fyns { edt | Pde i Sice
a ‘P 2 %8° 3 'P° y 'D°
4d'(‘P)nzx {c P y's°  yp°  yD°
G ) o 1Ge He
ATCC)na { sie Yk 3i6e  Iie
3 ige ipe sp°
weP ap sE Db yiDe
a'H 1G® He  g31°
44'CH)nz { a'H z 1G° Z!H° z1I°
spo 3914 IRe
wene  [{ £3 T iR E
3 e ) ad Ge
A CPn { oF 2ibe P 2ige
A7 (OD)nz? 3D wiP® 4 ID°
4% 8s(*D)nz y SF°
*Por predicted terms in the spectra of the Ru 1 isoelectronic sequence, see Vol, 111, Introduction.
¥This entry denotes the higher of the two D limit terms for t conﬂguntion.
o ® ® o ® ® ®
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(Cu 1 sequenoce; 29 electrons) Z=46
Ground state 1¢* 2¢* 2p* 34* 3p* 34" 42 "5y
408y, K 1. P volts

This spectrum has not been analyzed, but Edlén has observed the doublets due to the
transitions 4e-5p, 4p—5d, 4d-35/, and 4p-5s, from Pd xvix to In xx1. In figure 3 of his paper
on the spectra of highly-ionized atoms, the lines are indicated on the photograph of vacuum
spark spectra of Pd obeerveC from 40 A to 80 A.

By analogy with Cu 1 {26 writer has assumed the ground state indicated above.

REFERENCE
B. Edlién, Physica 18, No. 9, 549 (19047).
Mareh 1983,
Pd xx
(Co 1 sequence; 27 electrons) Z=48

Ground state 1s* 25° 2p% 35 3p* 3d° "Dy,
3d"' Dy K LP. volts

This spectrum has not been analyzed, but Edlén has observed three lines due to the transi-
tion 3p* 3d* D —3p* 3d" *P°, in the region between 40 A and 80 A. In figure 4 of his paper on
the spectra of highly-ionized atoms, the observed wave numbers are plotted againat atomic
number for this combination in the Co 1-like spectra Pd xx to Sn xxiv. For Pd xx the wave
numbers are between 1500000 and 1800000 K.

REFERENCE
B. Edlén, Physica 18, No. 9, 548 (1947).
March 1983,
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SILVER

Agl

47 electrons Z=47
Ground state 18 2¢* 2p* 3¢* 3p® 3d™ 4¢° 4p* 44" 5¢* By
50 1Sy, 61106.50 K I. P. 7.574 volts

The early work on this spectrum by Blair and others has been revised and extended by
Shenstone. The analysis is from Shenstone’s 1940 paper, supplemented by Rasmussen’s
extension of the *P°, 'D, and *F° geries. For the terms common to the two papers, values of
the latter have been used in the present compilation. Shenstone’s notation is given in column 1
of the table.

About 190 lines have been classified in the range between 1507.37 A and 39951 A. The
doublet and quartet systems of terms are connected by observed intersystem combinstions.

Shenstone has determined the limit from the 8 series, by using an extended Rits formula.
For 10 levels having as limit the ?D term in Ag 11, he has assigned the J-value of the limit, as
is indicated in the configuration column,

The following g-values have been determined from Zeeman observations of five Ag 1 lines
that appear as impurities on spectrograms measured at the National Buresu of Standards:

F_J
Denig. J Lavel Obe. ¢
5¢ 28 0y 0. 00 1. 998
5p IP° 0% 29658. 05 0. 666
1% 80478. 71 1. 330
6s 18 0% 42556. 15 1. 995
5dsD 1% 48744. 00 0. 801
REFERENCES
A, G. Bhenstone, Phys. Rev. 87, 804 (1940). (I P) (T) (CL)
E. Rasmussen, Det. Kgl. Danske Videnskab., Math-fya. Medd. (Copenhagen) 18, 24 (1940). (T) (CL)
A. G. 8henstone, Phys. Rev. 73, 1278 (L) (1947). (T)
J. E. Maek, Rev. Mod. Phys. 33, No. 1, 64 (1950). (Summary hfs)
P. F. A. Klinkenberg, Rev. Mod. Phys. 34, No, 2, 63 (1952). (Summary hfs).
H. E. Walchli, A Tabls of Nuclear Moment Data, Osk Ridge Nat. Lab., ORNL~1469, Suppl. II, 29 (1955).
(Summary hfs)
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Ag1 Ag1
Author Config. Desig. J Level | Interval Author Config. Desig. J Level | Interval
Be 'y M8t |3 B | 0% o 138 %y 408)12s 125 '8 | 0% (50574
2 4 Pl o 2. 08 114D 4 08)11d |11d D | 1% [59751.1 "
o R 1% [sog7e7i] 99008 1 2 [sersnsy 038 @
863Dy | 4 b0 S D | 3% (02236 g 124'D 4081124 {124 *D |13, 3%(60007. 6
3t "D A Agu(8) | Limit |..._.. 61106
6 6, 4408)6s |65 8 | 0% 438561 zz.g: w sieDp| 5 DY 3 lormra o | gon g
6P [4(B)6p | 6p P 0% |48207. 203, 39 . 6| 13401
63530, 7
S *Pus M as00. 7 % &5 Dot 0% |sssrs | | 1048
2Dy |0 59D STt 20.22 | 5y ppiFy, |4 500D)5p| 5p° F°| 2% (620337 | 5703 o
50 5p W 3% |65637. 6
708y W8)7e |70 8 | ox [s188e 50 59 P «@ 50Dy5p | 59° $Pl0%, 14lsasse
9 P, A8)7p | Tp P 0% |64040. )
79 P &7 |7 1% 54181, 1 8. 17 23:&: 4 5s0D)5p | 5p° ID° ;ﬁ 89340 | o3
6d 3D 4d(8)6d | 6d D | 1% (54203 13
6d Dy; 3 9 ol 10. 47 1 4@ 5uD)sp | 59" F| 34 (72084
” IF “"('8)“ v ) 2”1 3}5]54’04- 7 g0 PrY 5‘(.D)5P 6’” 1po lﬁ 78470
8¢ 78, 4d0S)8s |8 8 | o [55581 0
86 5p P AP 50D)5p | 5p’ P°| 2% (563883 |_ 3° 4d* 5e(D)5p | 5p''3D°| 2% (73587
i & e IR Y 3=t i
B 5P Pu " ' 8¢'6s 1D 4R SiCD)6s | 6 D | B 7129 | _7)
8p P 4do8) sPe| on 56620 72 B¢ 6 ¢ 102
8 1Pu e | b 1% [sase0.57] 3985 B¢ 8 Dy 1% leizes of 12t
“ e
AN | o 34, S G000 49 ’ 4 540D)6s | 6 D | 2% [82070 |
€Dy ¢D) —2524
4Dy |40HTd |74 D | 16 |seeen 79 4 g ¢ Dy 1% [84594
74D # |06708 54 f'Ds | 4d*5¢0D)6s | 657D | 2% 86484
891G -| 4d19(8) 5¢ 5 G (3%, 4%]56711. 1 1
9s 18y 40908)9%: |9 18 | 0% [57425 11 Uugus | 4°560Dp5d| 11 86896
' 4d8)9p | 9p P° o a1 90 12506 | 40° 540D 12 871220
% *Pus 13neus | 4 50D)5d 13 87144
8d 1D 4d°08)8d |84 D | 1
8d 1Dy ) 2}}2 3.47 M |4 8s0Dy)5d 14 | 2% 87223
s s)er | 6f 3F° 2%, 3% 155 | 44°8:0Dy5d| 15 | 3% [87312.0
10¢ 18, 4d(08)10s (100 B | 0% 18ugus | 4 5e0DySd] 18 87356. 6
232}.5“ 4d° 5¢(°D)5p | Sp’ F° ;’;2 112.2 17 4d* 58(*Dy)5d 17 | 347 (88504
:51::11-;:‘. 2 SuL4 18 | 4d5s0Dy5dl 18 | 2% [88738
o Fus @ " 190,15 | 4% 5s0D2)5d, 19 38816
*08)10p |10p *
(910p ji0p ‘1»;2 18.88 | 5,75 4Dy | 4d'5s0DY7s| 74’ D g};z 90366
9d 3D 4d08)9d [9d D | 1 1%
9d 1D ug o % 220 0%
114 18, 4d8)11s [11a 18 | 0% 204425 | 4" 58 20 90612
10d 3D advgs)10d |10 D | 1%
IM'D:: ¢8) 2% .75
February 1855,
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Ag1 Onasnved Tmnus®

p—
m+ Obssrved Terme
4P 5 5¢ D
ne (n 28) *p (n28) wd(n28) | Wf(n24) | ng(n28)
48 5-122%8 5-10p *P* 5-13d:D -y 501G
4 50D}’ { b e i R N A 4
4d® 8e(*D)ns’’ 6’ 1D 5p’9P*  5p/D®  Bp'! WF°
*For predicted terms of the Ag 1 isoelectronic sequence, see Vol. m1, Introduction.
Agn
(Pd 1 sequence; 48 electrons) Z=47

Ground state 1s* 25 2p* 3¢* 3p* 34 44" 4p* 44" 'S,

44" 'S, 173300 K 1. P. 21.48 volts

More than 380 lines of Ag 11 have been classified in the range from 728.73 A to 9052.69 A.
The terms are from the papers by Gilbert and by Rasmuseen, who have extended the early
work of Shenstone, Blair, Duffendack and Thomson, Beals, and others.

Catalén and Rico have adjusted the value of the limit from a study of the spectra Sr 1
to Cd1r. Their value is quoted here. Gilbert has derived the ionization limit 173274.0 K
from the 4d® ns *D series (n=6 to 8) by means of a Ritz formula. To quote, “of the 4d* ns **D
series the *D; and *D, series converge to the 4d° Dy state of Ag 11, and the *D, and 'D, seriea
converge to 4d°D,;”. From these two limits he determines the interval of the ground term
D of Ag 111 a8 4607 cm™'. In the table the J-values of the limits are indicated.

The pair-coupling notation, introduced first in these Volumes for the inert gases to denote
the departure from LS-coupling, applies also to spectra of the Pd 1 sequence. In the text of
Pd 1 a small auxiliary table giving this notation, may be found.

The three-place g-values in the table are from unpublished Zeeman patterns of 37 lines
measured by W. F. Meggers, C. C. Kiess, and C. J. Humphreys at the National Bureau of
Standards. These Ag 11 lines appeared as impurities in various spectra, observed mostly at
the Massachusette Institute of Technology. The weakest determinations are indicated by a
colon. Two-place entries are from the paper by Shenstone and Blair, who derived g-valuea
from unresolved Zeeman petterns of Ag i1 from their formuls for blended patterns.

Observed intersystem combinations connect the systems of terms of different multiplicities,
The ground term has been connected with the rest by Shenstone from White’s observations of
three lines, subsequently confirmed by Menzies, as follows:

White Mensies
Desig.
A (vac) K A (vao) K
1107.05 | 90330.2 || 1107.01 | 90333 4 4d® 18,— 5p *Dy
111246 | 80800.9 || 111233 | 89699.8 4d% 18,5 'P]
1196.87 | 8363L1 || 1195.76 | 836238 4d% 18,—58p *Py
® ® L ® ® ® ®
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51
Ag I—Continned
REFERENCES
A. G. Shenstone, Phys. Rev. 81,317 (1028). AP (D (CL)
A. C. Measies, Proe. Roy. Ses. (Loadon) [A] 138, 134 (1088). (T) (C L)
A. G. Shenstone and H. A. Blair, Phil. Mag. 8, 770 (1930)
H. A. Blair, Phys. Rev. 36, 173 (1980). (D) (C L)
0. 8. Duffendack and K. Thomeoa, Phys. Rev. 48, 100 (1888). (T) (C L)
W. P. Gilbert, Phys. Rev. 47, 847 (1988). (1P () (CL)
E. Rasmussen, Kgl. Danske Videaskah., Math-fye. M.id. (Copsnbagen) 18, No. 5,10 (1940). (T) (CL) (I 8)
M. A. Catalin y F. R. Rico, An. Real See. Esp. Plsiea y Quimies (Madrid) [A) 48, 338 (1962) and letter
(December 1958).. (1 P)
Agn Agn
Config. Desig. J Level Interval | Obs. ¢ Coufig. Deaig. J Level Interval | Obe. ¢
4dw 48 | 0 0.0 @CDuity | 6p P° | 3 | 190781.01 | 210 63
% 1 | 138887, 64 |~ 3110 93
APCDaOSe | S D | 3 | 31638 |y, | 1318 AP0DL 8 0 | 136165. 82
APODy) 5 1 | 37387 |77 | g 4g8 APODyI54 | 54 'P | 1 [ 1307560 1.51
44°(Dyyo) 5e 5« 'D | 2 46045. 7 1. 028 44Dy 54 58 G 4 | 131510.5 1. 065
400D 5p P° | 2 | s0179.%0 1 464 4P0CD,05d | 54 'D | 3 | 131783.9 L 147
o | 5 1 | ssesrse =342 18 | 1 410 )
4P(Dy 5p 0 | se138 08 4PODy)5d | 54 'F | 3 | 1321918 1.095
4D 5p F° | 4 | 83665 41 1. 249 400Dy6p | 6p F° | 4 | 138485 50
PO 3 | ss1e7.56 ' 139785 | 1 0sp 0 3 | 13s018 63 |_ 2197
40D, 5p 2 | 86883 96 0. 889 400D, 6p 2 | 138514 91 .
APODyO5p | 5p D°| 3 | s6456.5 1. 240 1° | 4 | 132684 48
Lt 2 | sstoe. 6f _138.3% | a8
44Dy 5p 1 90330. 74 0. 52 w('l?',.gep 6ép D° g }.;.;g;; % 101, 85
APODyOSp | 5p F° | 3 | 89130 64 1.076 4Dy 6p 1 | 137221 43 |~ 4305 14
APODL95p | 5p 'P° | 1 | 89891 40 1. 008 22 | 2 | 183197 81
4®0D,05 | 5p D°| 2 | 90883 70 1.099 30 | 2 | 198689, 4
458 s¢ 5F | 4 | 93928 66 e | 3 | 134339 04
3 | ome7 81 |~ 102078
2 | 99601 90 4P0D,)5d | 54 18 | 0 | 1344494
Ad 50 S 0F | 3| 10830818 | seg g 5° | 1 | 134796.04
0 6 | 2 | 13541122
Al 50 5¢ 18 | o |109123 59 4aDy08p | 6p 1o | 1 | 136888 61
Ad 50 5¢ 1D | 2 | 110769. 41 420D,06p | 8p 1F° | 3 | 18717868
4 50 501G | 4 | 113508 12 420D, 6p | 6p D° | 2 | 187484 20
40Dyo6e | 66 D | 3 | 120529.45 1.293: 7o | 3 | 1386333
o 2 | 12000713 | 37798 | 1 195:
4d°(*D;g)8s 1 | 125122 38 053 8° | 2 | 189227. 8
470CDy6e | 6 D | 2 | 125400 89 L1 9° | 2 | 1409623
4(Dy)5d | 54 18 | 1 | 125568 9 184 4P0Dyu7s | 7 D | 3 | 1444739 | _ .0y
% 2 | lesslo0 [ 1452
WCDpO5d | 543G | 8 126005 | 106 | 4Dy Ts 1 | 149078 4 -
400D, 5d 3 |131246.3 [~4573-2 | g 752 4PeDy7e | 78 D | 2 | 1401701
APEDL)5d | 54 P | 2 | 126760.2 1.334 4P(Dy98s | 8 D | 3 | 155085.3
i 1 | 1267637 | 735 1os0 D 2 | 1551568 |_ 7L 8
” 0 | 128528 8 4(D,8s 1 | 159690. 8 :
4P0Ds95d | 54 D | 3 |127205.0 1.288: || 4P0Dy)8s | 8 'D | 2 | 150738 8
i 2 (127817.0 | 3120 | 1 o06: D
AP(D,5d 1 | 1315005 078 | oo e
4PeDyY5d | 5d F | 4 | 1276018 1.218: | Agm@Dyy) | Limit |.___. 173300
i 3 | 1274845 |_ M73 |0 058 & 11D
40Dy 5d 2 | 1321489 0.71 AgmDy) | Limit |.... 177862
March 1952.
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Ag u Ozesavee Tomn*
“e W
soP ¥y
*se {w-s 8#D 5'G
ns (n28) »p (0 25)
D ape p* pe
WD) { - Lok Leb Lew
nd (n28)
54 8 8d° D B4F 543G
PCD)ns {u S MNP MDD HF NG

SFor predicted terms in the speotra of the Pd 1 isoelectronic sequence, ses Vol. m1, Introduetion.

Agm
(Rh 1 sequence; 45 electrons) Z=A7
Ground state 1s* 2s* 2p* 35 3p® 3d™ 4s® 4p* 4d° Dy
4d° "Dy, 280900 K L. P. 34.82 volts

The analysis is by Gilbert, who has observed the spectrum from 500 A to 3000 A, thereby
revising and greatly extending the earlier work by B. V. R. Reo. Gilbert has published 257
classified lines between 709.80 A and 3013.81 A. The limit is from Catalén and Rico, who have
interpolated it by comparison of thivd spectra from Y to In.

Observed intersystem combinations connect the doublet and quartet systems of terms.

REFERENCES
B. V. R. Rao, Proc. Indian Acad. Sel. 14,38 (1034). (IP) (T) (CL)
w.P.onbct.ny-.nu.u.m(lm. anmco
M. A. Catalén y F. R. Rico, An. Real 8oc. Esp. Fisica y Quimies (Madrid) [A] 83, 85 (1957). (I P)
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58
Agm Agm
Couflg. Deslg. J Lavel Interval Config. Desig. J Level | Interval
w & D |3 0 Q| ¢ 186860 -
1 4007 — 4007 went s 3 187789 um
Se S °F 4 63350 r o)) 5 W | 3 196739 _
wen ;g ss7ed B 5 3 158804 273
1 0351 —1208 4POP)5p s P «lxa 189143 ¢
218
APOF) 5 S F 3 71001 2 190158
‘ 3 —he 4P(D)5p 5 F° | 3 181876
APCP)Se 5 P ?’)2 76408 —1007 ? 3 133635 1760
—-1913 "
79326 4D D o 138487
4d(D) 8 D :: som' o ” ‘m 184066 e
(‘D)5 " 3100
3 83231 D #oape | 1 136356
4PCP) e 5% P 1” 85183 oo " 2;2 186768 4
¢ ok | st | -2 WPOP)5p s D° | ox%
4d'(:G) 50 50" 3G % 85500 5’32 136081 123
3% 85727 —128 3% | 136970 had
0 oD | 3 116418 4G neage | g 136509
W CPsp 5 ?ﬁ | }ﬁﬁ ~3m1 ¢G)sp L o | 120800 3158
—1304 , ape
1 4POP)5 5p° D° | 2 1
S P b e g |
| s
» g 48 117981 I+ 40P 5p s P | 1% | 140078 | _g00e
3 181068 1+ o% | 143781
»o 40G)8p 5" F* | 3 140881
4PCF)5p o | | m00 |y 3 148165 | 1384
3 189631 e
2 196908 - U RN I S
1 1239087
J— s we | 2 | Ag Iv(FY) Limit |.._.... 280900
1% | 187870 —27718
February 1957.
Ag 1 OpsErvEp Tuaus®
18 3‘&‘ Observed Terms
39 3% 4k 490+
) 4d* 1D
ns (n28) np (n >5)
¢ sp°* tpe «G°
180 ( S ¥ & De 5y i Spiae
w8222 BE EE
4d*(D)nz’’ 5¢'' 3D 8p' 1P° 8p’’ 1D* 5p’' 1F°
“(‘G)gl" 5,’!' ’G 5,"' 'FG 5’"1 ,H.

*For predicted terms in the spectra of the Rh 1 isoelectronic sequence, see Vol. m, Introduction.

e of)e @



Ag 11X
(Cu 1 sequence; 29 dlectrons) Z=47
Ground state 1¢* 25° 2p° 3¢ 3p* 3d™ 44 By
48 8y K LP volta

This spectrum has not been analyzed, but Edlén has observed the doublets due to the
transitions 4s-5p, 4p-Sd, 4d-5/, and 4p--8s, from Pd xviu to In xx1. In figure 3 of his paper
on the spectra of highly-ionised atoms, the lines are indicated on the photograph of vacuum
spark spectrs of Ag observed from 40 A to 80 A.

By analogy with Cu 1 the writer has assumed the ground state indicated above.

REFERENCE
B. Eda, Physics 13, No. 9, 540 (1047).
March 1983
Ag xX1
(Co 1 sequence; 27 electrons) Z=47

Ground state 1s* 2¢* 2p* 35* 3p* 3d® Dy,

3d® Dy K L P volts

This spectrum has not been analyzed, but Edlén has observed three lines due to the transi-
tion 3p* 3d® 'D—3p* 3d™ 'P°, in the region between 40 A and 80 A. In figure 4 of his paper on
the spectra of highly-ionized atoms, the observed wave numbers are plotted against atomic
number for this combination in the Co rlike spectra Pd xx to Snxxiv. For Ag xxi the
wave numbers are between 1500000 and 1900000 K.

REFERENCE
B. Edién, Physica 18, No. 9, 548 (1947).
March 1088,
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CADMIUM
Cd1
48 alectrons Z=48
Ground state 1s? 2¢* 2p% 34* 3p* 34" 44% 4p* 44 5¢° 'S,

54 'S, 725388 K I. P. 8.991 volts

More than 200 lines in the spectrum have been classified. The observations extend from
682.85 A to nearly 39087 A, but the existing lists of wavelengths are not homogeneous. The
accuracy of the present data could be greatly improved with modern observations, particularly
in the infrared.

The early analysis was by Paschen and Gétze and by Fowler, who found the leading series.
The limit, and most of the terms in the table are from Fowler’s Report. Ruark added the
terms: 12 to 15¢'S; 15, 168°S; 9 to 11, 13 to 15d'D; 17 to 194 *D, and 5p**P. Shenstone
and Pittenger revised the values of the terms 7 to 124°D. Beutler observed in abeorption
26 lines between 682 A and 1022 A, which he classifies as transitions from the ground term
to terms above the ionization limit having the configurations 4d* 5¢*("D)np and 4d® 5¢*(*D)nf.
The J-values of the limit term in Cd n, *D, are from this paper. For these levels the values
of the observed wave numbers are entered in the table. For triplet terms only the compo-
nent with J=1 is indicated, since only the combinations with the ground term (J=0) are
to be expected.

Observed intersystem combinations connect the singlet and triplet systems of terms.

The entries in the table given to more than one decimal are from interferometer measure-
ments of 18 lines, of which 14 are from the paper by Meggers and Burns, 3 from Eetzler,
Borema-, and Burns, and 1 from Ignatieff. The level 5p* °P, is from Garton and Rajaratnam,
who have observed wide diffuse features at 2212 A and 2270 A which they designate as com-
binations of this level with 5p *P{ and 5p °P$, respectively.

Obeervations of forbidden transitions and of hyperfine structure are discussed in numerous
papers. The Paschen-Back effect of the three lines at 4678 A, 4799 A, and 5085 A, 5p *P°—6s S,
are described in detail by Satd. Green and Gray give a similar report for six lines between
3403 A and 3614 A, 5p'P§—5d,D.

Cd I occupies a unique podition among spectrs in that it furnishes the primary standard
of wavelength. The line 6438.4696 A, 5p 'Pf—>5d 'D, is the fundamental wavelength on which
all other standards are based. The specifications for the production of this primary standard
are defined in the 1925 report of Commission 14 of the International Astronomical Union—the
Commission on Standards of Wave-Length. The summary of the directly measured wave-
lengths “‘of the Cadmium Red Line in terms of the International Metre (1 A.=1X10~* m)” is
published in the 1950 report of this Commission.
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Cd —Ceontinned .
REFERENCES
A. Ignatieft, Ann. der Phys. [4] 48, 1117 (1914). .
W. P. Meggors and K. Burns, Bei. Papers Bur. 8td. 18, 183, No. 441 (1922).
¥. Paschen und R. Gdtse, Seriengesstse der Linsensp-kiren, p. 110 (Julius Bpringer, Berlin, 1933). (T) (C L) )
A. Fowler, Repert on Series in Line Specire, p. 142 (Fleetway Press, London, 1922). (I P) (T) (C L) \)
Trans. Intern. Astron. Union 8, 40 (19235).
A. E. Ruark, J. Opt. S8oc. Am. 11, 199 (1925). (T) (C L)
H. Beutler, Zeit. Phys. 87, 19 (1933). (T) (C L)
J. B, Green and D. E. Gray, Phys. Rev. 48, 273 (1933). (Z E)
C. W. Hetsler, R. W. Boreman, and K. Burns, Phys. Rev. 48, 656 (1935).
8. 8at$, Sci. Repurts Tohoku Univ. (Sendai) (1) 25, 686 (1938). (Z E)
A. G. 8henatone and J. T. Pittenger, J. Opt. Soc. Am. 38, 220 (1949). (T)
Trans. Intern. Astron. Union 7, 146 (1850).
P. F. A. Klinkenberg, Rev. Mod. Phys. 24, No. 2, 63 (1952). (Summary hfs)
H. E. Walchli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab. ORNL~1469, Suppl. II, 39 (1855).
(Sumlmry his)
W. R. S. Garton and A. Rajaratnam, Proc. Phys. Soc. (London) [A] 68, 1107 (1955). (T) (CL)
Cd1 Cdi1
Config. Desig. J Level Interval Config. Desig. J Level Interval
4d% 5¢* 58 18 0 0.0 44" 5:(8)7p Tp P° 1 65494 8
44" 54(*S)5p 5p WP° 0 30114. 017 542 113 44" 5:(08)4f 4f OF° | 2,3,4 ) 65681.7
1 | 3056 130 | 335 243 P
2 31826. 996 4d" 5:(°S)8s 8 8 1 66680. 920
44" 5s(*8)5p 5p P° 1 43692. 474 4d% 5:(8)8s 8 18 0 66904. 7
44" 5s(38)6e 6 8 1 51484. 013 4d" 54(38)8p 8p P° [+] 87829. 8 12 5
1 67842. 1 331
4d» 54(18)6s 6 8 0 53310. 18 2 67875. 2 .
44" 5:(08)6p 8p WP 0 58390. 9 70.7 44 54(18)7d 7d D 2 67837. 1
1 58461. 6 174 1
2 | 58635.7 4d% 54(8)7d 7d D ; o;g% é 28
4d® 5:08)5d 8d D 2 | 59219. 824 3 :m,_ 5 4.6
44" 55(08)58d 5d D 1 584885. 793 o
2 59‘% 208 {g. }g 44" 5:(°S)8p 8p P 1 68066. 4
8 59516. 017 4d» 54(8)5/ 5/ F° |23, 4680987
4d»W 54(*8)6p 6p 'P° 1 59908. 6
40 54(8)9s 9s 8 1 08682. 2
44" 52(*8)7s 7 8 1 62563. 461
t
445 5409)7s 7 18 0 7 44" 52(38)9% 9s 18 1] 68799. 6
44d» 5:03)7p 7p P° 0 84885, 9 25 4 4d% 54(8)8d 8 D 2 89202. 5
3 | 56008 3 L5 44" 5:(8)9p o P | O |34l 69
4% 5408)6d 6d D | 3 |es1sasn 2 |69340.8 18.8
44" 5,(°8)6d 6d D 1 65358. 5 44» 5:(*S)8d 84 D 1 69400. 5 p
2 | 653693 i 3 | 604028 23
3 658367. 257 3 69405. 5
® ® ® ® ® e °® o L ]
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Cd —Centinned Cd 1—Centinned
Config. Desig. J Level | Interval Config. Desig. J Level | Interval

44" 34('8)9p 9 P 1 09435. 7 4d» 5208)164 16d *'D |[1,2,8| 79721
43 54(8) 100 100 8 1 | 608059 W 508)17d (174 D |1,3,3| 72046.7
43% 54(8)100 10e 8 0 | ees7a1 w3(8)18d  [18d D [1,3,3) 72108 2
43" 5408)04d % D 2 | o170 4 5(8)194 [19d *D [1,2,8| 721887
4 3408)10p  [10p P [0,1,3| 700078 Cd n(8yg Limit  |....... 72538 8
44 B40'8)9d 9d D é 2% g 13 4d 5p 59 P g 'iﬁ%% 2 e
4 5.08)10p [10p P° | 1 70843, 8 4 580D,05p | Sp P | 1 97800
4d 84(8) 115 11s 8 1 | 708012 4P 820DL5p | SpP° | 1 | 103420
4d% 54('8) 115 11 8 ¢ | 705432 4" 580D, 05p | 5p7D° | 1 | 104351
40 508)10d {104 'D 2 | 707419 AP 5SCD,06p | 6p P | 1 | 187464
4 5.08)104 |10d D 1 | 707883 o7 AP 50Du6p | 6pP° | 1 | 132698

3 | et L1 4D 5A0DLI8p | pD° | 1 | 133044
4d05s08)11p |11p e | 1 70800. 0 AP 50Dy | 797 P° | 1 | 134196
4d" 5408)12¢ 12s S 1 | 700620 4P 580DI4T | 47 PO 1 | 136087
44" 5:(18) 122 12¢ 8 0 | 709921 4P 58CDy8p | Sp P | 1 | 137087
4 508)11d |11 D 2 | 711105 4 500Dy)% | 9p7P° | 1 | 138584
409 5:08)12p  [12p 'P° | 1 71167.9 4d 580DyY6? | 607 P2 | 1 | 138679
449 508)11d  |11d D Ul ises 4P 580Dy 10p [10p71P° | 1 | 139417

3 | 71606 L0 4P 500DYTp | T07P° | 1 | 139658
44" 5408) 138 135 8 1 71281. 8 48 580Dy 11p |11p7 P° | 1 | 139987
id® 5508)13s 138 18 o | 712000 42 5(DyY12p [12pP° | 1 | 140410
4d° 5408)128  |12d D 1 4 580D 13p7 | 13p" P°?| 1 | 140666

3 | Mo 09 4P 5PCDY4T | 47 P° | 1 | 140865
40 5408) 140 140 8 1 71515. 6 AP 5e0CDs8p | 8pP° | 1 | 248618
44" 540'S) 140 4s 8 o | 715280 4@ 580DuY5T | 57 Pt 1 | 143208
4 5408)13d 134 D 2 | 715963 APBSCDL%p | 99 0P° | 1 | 144184
4d*5s08)13d |13d 'D [1,2,3| 71818 5 AP B5ACDLG | 67 Pt 1 | 144681
44 54(8)159 15 18 1 | mese.6 4P 52(DyO10p | 10p” 3P | 1 | 145034
4d" 5408) 156 15 1S 0 | 71892 4 AP 52eDuT | 7 P 1 | 146814
4d95:08)14d  |14d 'D 2 | ni7as 0 4P 580DyOlp [11p79P° | 1 | 148608
4d95:08)14d  |14d D |1,2,3| 71767.2 4P BADy12p [12p79P° | 1 | 145088
441 5408)16¢ 16s 8 1 | nsise 40 500Dy)13p [18p73P° | 1 | 146881
40%508)15d |15 1D 2 | 71869.2 AP 58D, 4p [ 1p P | 1 | 146448
4d*508)15d |15 D |1,2,3| 71880.7

August 1965.
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Cd1 Ossnuvep Tunus®

c of)s @®

18 38 ? 3¢ 3pp 34w Obesrved Terms
o9+
4% 5 508
44" 5p 5p* P
ns (0 26) np (n285) nd (n>5) nf (n24)
16: 8 pe 5-19d *D , §f F®
A 5e(B)na it 8 t{g; 1pe 5-11,13-16d 'D “y
44* 5 4 5-14p’’ P°  5-8p’' 'D° 4, '’ 'Pe?
(Dine 5-135'" 1pe ? 4707 1P
*For predicted terms in the spectra of the Cd 1 isoelectronic sequence, see Vol. m, Introduction.
Cdn
(Ag 1 sequence; 47 electrons) Z=48
Ground state 15 2s* 2p* 35 3p* 3d'° 44* 4p* 4d™ 58 Sy
58 7Sy 13637474 K 1. P. 16.804 volts

The analysis is from the paper by Shenstone and Pittenger, who have revised and extended
the earlier work by Takshashi and by von Salis. In the range from 761 A to 8066 A there are
256 classified lines. Shenstone’s notation is given in the first column of the table. He has
redetermined the limit from the *S and ?D series; and stresses the irregularity of both the P°
and 'F° series, 88 wac pointed out by von Salis.

Observed intersystem combinations connect the doublet and quartet systems of terms.
The combination 4f ’F°—8g 3G has recently been observed by C. H. Corliss and R. J. Murphy
at 9670.84 A and 9658.75 A. These observations furnish the value of 59 *G in the table, and
fit well into the ng G series (n=6 to 11) reported earlier.

REFERENCES

Q. v. Balis, Aun. der Phys. (4] 76, 153 (1024). (IP) (T) (CL)
:wm.wmm&nam). armnmmCL)

[~]

. Sheastons and J. T. Pittenger, J. Opt. 8cc. Am. 38, 220 (1949). (IP) (T) (CL)
Mack, Rev. Mod. Phys. 33, 64 (1950). (Bummary hfs)
. Corliss and R. J. Murphy, unpublished material (March 1958). (T) (CL)
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Cdn
Cdn
Co. Deslg. | J Level Interval
. Desig. | J Level Interval || Author ofig.
Author . : 27152. 89
8 |ox 0.00 108 8y | 44%(8)10¢ | 106 8 | 0% 1
806y | 4NCS)Be . 36. 08 71 Pl | 4dw(8)7s /A g}}g ;g%:gg —33. 98
by | 0O | S P IR Hee 0| e | TR 3y 6
g S# 1D | 3%| 0925801 | .49, 75 793G 4d»(8)79 79 G 4% }137390-
8Dy | 40 58 1%]| 74893 66 127697, 43
* D ogapus | 408)9d | 8 ID | AR AT R | 1488
68, |4a#(S)8e | 60 B | 0%| 2000 66 9d 1Dy e
89689, 1% | 197996.78 | _ao
e o B i e Bl B P g P S e
o4 D PO | 0| 94710.41 | g9 9 3 4 5:('D)5p | 5p’/3F° | 3| 129189.5 | _agag 7
o,:];-b,: 4d(8)6p ép 11| s838s 83 ;'IF‘;:: 2% | 181718 8
6p
’ ), 0 129343. 05
by | A0 CDIP | 80T | T0okio so (328188 Il 11,0, | same)1ne o .% 128344, 86
:‘g: 0% | 118196. 80 v 3Pl | 40 540D)Sp | 5p** 1P oﬁ -
88
7698y | 4d1(8)7e 7s B | 04| 107300 & P | 4v08)8 8 F° | 2% 1394;:,33 267. 22
4f F° | 2% | 108419. 47 12. 96 'F 3% | 1£9686.
4f F}y | 4dw(18)4f 3% | 1084382 43 8/ *Fiy
o P 893G | 4dn(18)8g 8 G (34 }12950243
ARBeCDIEp | 50" ET | | erss. 82 431. 29 "
‘F 10168, 11 | 5491 10d *D | 1%} 129708 50 10. 16
::lir"h: M| 1197es 1o |-2017.08 o4 sDu | 4daueSi0d 214 | 120718 66
]
174. 10 11p 3P° | 0K | 129966. 9 260. 3
& D 4dw(:S)6d 64 ‘D | 14| MO 10| 7250 H;:;;: 4d%(9)11p P 1% | 130216.6
18)7 7p *P° | 0% | 112961. 06 129. 33 128 18y 4d9(18)12¢ 128 18 0% | 130835. 86
IpiPy, | 4%(S)7p 14| 112490. 39 130875 61
793Py 9f 3Fh, | 4d9(8)9f 9f F° g)‘ 1309%5. 88 47.21
D)Sp | 5p’ *D° | 3%| 114793.81Y _ ;40 39 of 'Fiss ] -
,:g: 4d° 540 2 Ill”’-;‘: —17278 41 ay
s D of | 1i7ses.7e |10 | | e | w v % [fraovse. 00
, 1% | 131002 90 7.24
SR [ 0SCDIEe | 52T T | M | Llases 10 | 241049 1idiDy [ 4eBLd | 11d 2D | e e
]
131861, 1
8018, | 4d%('5)8s S '8 | 0| 11804065 g::l;tmu ameSuap |12 W % 1318747 136
118444. 36 | _ 00
5 1Fhg | APUCE)SS & W g 118545, 77 | —101 41 130 18, | 4d(8)18s | 13s 8 | 0% | 131899. 07
& ' 3 18) 107 10f F° | 8% | 131958. 721 -8 15
44%(1S) by "G | 3% }sten. 95 10f 3Fl | 4d%(8) 2% | 131961, 871
107 *Fy¢
’ A 3
Sk | APSCDIE | B I | UK et b | —207.88 1001G | 4810 [109 3 | 3% hiswors a7
8y
D | 1% | 132088 77 5. 41
b | TP G | R s | wsas |10 0D | 1) emen
) o 35. 88 3p P° | OK
s:gg: 4 5:0D)8p | 8’ *D %,’2 190138 6| 114642 - 4d9(8)13p | 13p 1% | 138280. 47
t
18. 114 F° | 2%
By |ty | B B M | wm 11y 1Ry, | WO 8% | 13m07. 911
. 3
Se By | 4®(S)0¢ | 9e B | 0% 13375148 1996 | 4ame9nyy |11 G | 3 hiaz742 26
2101 _ 14 20
Fu | A0S | of F | 3K 1e%078.10) g D | 1% 132824 25 L4
of ¥y o 154 0Dy | 40D |18 2% | 132828 29
803G | 4dn(8)8g 69 *G : }124151.26 «*08)14d | 144 D %};2 135380, 76
14d *Dyy )
51 el B - - 1] Bl N SR
185383. 08 . Limit_|_.__| 136374.74
:;:P’n 44»('8)9p o P | 0% 198865 49 | 3143 Cd m('Sy)
March 1983,
- e : ’ .
® ® g
° L ° ¢
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Cd z Onsmavey Taaus®

18 5 9 3 Observed Terms
W3 48 4
4P 5 80D
ns (n28) np (n28) nd(n28) | w(n24) ng (n 28)
4" (8)ns 8-18% 5—13p wP* 5—1443D | 411100 5—-11¢%G
48 3:(D)ns’ { A T R A
Y ] wn)sn 5’" pe "u ) 2

*For predieted terme in the spectrs of the Ag: isoelectronic ssquence, see Vol. 11, Introduetion.

(Pd 1 sequence; 46 electrons) Z=48
Ground state 14* 2¢° 2p* 3¢* 3p* 3d¥ 40 4p* 44V 'S,
44" 'S, 302300 K 1. P. 37.47 volts

The analysis is by Shenstone and Pittenger, who have extended the early work by Gibbs and
White and by McLennan, McLay, and Crawford, as well as that by Mazumder. The number
of classified lines now totals 138; and the observations extend from 677 A to 3035 A. Inter-
system combinations connecting the singlet and triplet systems of terms, have been observed.

Mack has noted that the sequence Pd 1—S8a v shows a gradual transition from LS- to

Jj-coupling for levels from the d® # and d® p configurations. In Cd m1 Shenstone indicates the
J-vdnoofthehmntforlovdnfrmnthod‘tmdd‘doon&nnhom as is done in Ji-coupling.
In the text for Pd 1 the writer has included a table giving the Jl-coupling notation for the related
pairs of levels in the form of notation suggested by Racah.

The limit from the 4d® ns series (=5, 6) is 304680. From the s-electron series in Cd 1
and Cd 11 Shenstone predicted “a reasonable value for the Rits correction in the Cd 111 series,”
and thus obtained s more reliable determination of the limit than that derived from a Rydberg
series of only two members. The quoted value is from Catalén and Rico who have derived it
by comparison of the third spectra from Y to In.

REFERENCES

. E. Mack, Phys. Rav. 84, 17 (1929).
Q. Shenstone and J. T. Pittenger, J. Opt. Soc. Am. 39, 221 (1949). (I P) (T) (CL)
. A. Catalén y F. R. Rico, An. Real Boc. Esp. Fisica y Quimica (Madrid) [A] 88, 85 (1987). (I P)
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Cdm Cdm
Coaflg. Desig. J Level Interval Coaflg. Desig. J Level Interval
e w8 [} 0o 4D 54 5 8 1 202966, 1
5o 8 D 3 80454 3 44*CDug e 6 D 3 204431. 1 _
(Dm0 3 | sase |-1303 4 3 | Jomwoa1 | 4870
40Dy 8e 1 86319, § 3804 44°0D ) 8¢ 1 210230. §
4( Dy 8s 8 D 2 88871. 8 4°C Dy 84 8d G : 208119. ;7 -177.3
4CD)Sp 5 P* 3 138818.8 | _ .00 ) 4'0Dyg 8d H 210e37.5 | —5840.8
1 138766 4 | Z3a8e 4
0 148110. 8 44°(Dy) 8¢ 8d P 2 208407. 0
D; pe 4 189081. 8 0
4AeDIS b 3 | 1sesis | B89
2 148754. 8 6540. 4"(Dug8d 8d D 3 200087. 7 7168
42eD)5p 3 0D | 3 | Lseens | g, | 4CDM 1 | 2120498 | 82488
1 | HHhees | -k 44'CDug 54 8d F 4 | Josers 7.5
4 CD)8p 5p 'P° 1 148076. 1 40D, 8d 2 2119248 | —83145
4PCD)sp 5 'F° 3 148090. 8 44°0D0) 54 8d P 1 210147. 1
4CD)5p 5 ‘D° 3 148481. 3 44°ODyy0) B¢ 6 D 2 210588, 0
Y 5e OF 4 1790224 | o000 o 44°(D ) 54 5d 1G 4 211518 5
3 1840043 | —37L9
3 185798 5 40OD,05d 8d D ) 212625, 0
A se 3¢ P 2 1917623 | _ 40 o 40Dy 54 5d IF 3 212708 2
1 196133, 7 et 9
0 196358 2 Yy 58 18 0 218107. 7
WdBe 5¢ 1D 3 wsesr.o | e e
4dse 5¢ G 4 200032 8 Cd 1v(Dyyy) Limit |._.._... 302300
February 1957.
Cd it Onszavap Teaus®
QObserved Terms
160 248 296 508 B % 408 4p+
4d» 4dn18
58P 50 F
AP 5 {u 8 581D 581G
ns (n28) ap (n28)
5, 8¢ 3D 5p'P°  5pD°  SpiF°
AP(D)nz { 5,6s 'D 8h1P°  5piD°  bpiFe
nd (n28) ,
4POD)nz 54 B 84'P 854D 8dF 543G !
5P 54D B8d'F B8d1G N ;
|
*For predicted terms in the spectra of the Pd 1 isoelectronic sequence, see Vol. 11, Introduction:
® L) @ @ ® ® ® )
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(Rh 1 sequence; 45 electrons)
Ground state 14° 2¢® 2p° 3¢ 3p* 3d" 44® 4p" 4d" Dy,

4d* "Dy K

L P

volts

The analysis is from Green, who has classified 185 lines between 489.49 A and 1929.70 A.
Observed intersystem combinations connect the doublet and quartet systems of terms. No

seriea are known in Cd 1v.
REFERENCE
M. Groen, Phys. Rev. 08, 117 (1941). (T) (C L)
Cdrv Cd v
Config. Desig. J Level Interval Config. Desig. J Level Interval
“ @ D | 2 0 4d'OP)5 s ape | 0 189
1;2 5813 — 5812 (OP)5p 5 ;5‘ ;ﬁt ‘%
4d'(F)5s 5¢ F | 4% 108704 2030 4
3% 111734 3029 4d'(D)8p 5p F° | 2% | 191968 2414
B o | e ol B
44y (D 5p’t 1P° 194818
4d'CF)5e S F | 3| e | gy (D) ? W | i 1330
ree 44°('D)8p Sp” 1D° | 3% | 196855 —2%0
4d%(G)5s 5e’ 1G :4”;2 }% —150 1% | 1064851
& 5’ D* 196370
4'0R5» 5 D°| 3 178387 | _ iqas Rt ’ W | Iosemo 1860
T | lbees | —3ae | 10k | —s0
0% | 189884 —1998
4d'('G)5p Sp’tvHO | 4% | 198560 4133
wensr | o | | | e 4 wims
—4056 ,
B | ) eew ooy o) o
4d SFo | 4 181678 4 ¢ ape | 201967
CF)5p 5» ;g }MS - %: CP)8p 5» Og 206.40¢ — 4435
1% | 188176 4131 4CP)5p sp' 8° | 0% | sosess
a ipr| 2 184301 440G wiape | g 208838
P 5 1 5y | - (De» 5 2 204196 —1360
44'CF)8» & G g ;gﬁg — 9781 4d4°CP)8p &’ B° 1% 204294
40P 5p 5p F* g 187168 —11328
Pobruary 1088
@ @ 9 °® o ® o
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Cd v Osazaver Tamma®
W
W T
o 40D
n(n28) np (n28)
T D* P *
4P CF)ns { :., z :D‘ :: :r zgo
q. *
e BE BE ¥E
44" D)ns’’ Sp''tP*  Bp’'tD* By P
m)-;n 8¢’ 3G ”IM pe "lu H*
*For predioted terms in the spectra of the Rh 1 isceleetronic sequence, see Vol. m1, Introduction.
Cd xx
(Cu 1 sequence; 29 electrons) Z=48
Ground state 1s* 3¢* 3p° 3¢* 3p* 3d™ 48 By
48 *Syq K 1P volts

This spectrum has not been analysed, but Edlén has observed the doublets due to the
transitions 4e~5p, 4p—5d, 4d-5f, and 4p-5s, from Pd xvus to In xx1. In figure 3 of his paper
on the spectra of highly-ionized atoms, the lines are indicated on the photograph of vacuun
spark spectrs of Cd observed from 40 A to 80 A.

By analogy with Cu 1 the writer has assumed the ground state indicated above.

REFERENCE
B B, Physen 13, No. 9, 369 (147,
March 1983.
Cd xx11
(Co 1 sequence; 27 electrons) Z=48
Ground state 14 2¢* 2p* 3¢ 3p° 3d° "Dy
3d® Dy K 1LP volts

This spectrum has not been analysed, but Edlén has observed two lines due to the transi-
tion 3p* 3d°* D —3p* 3d™ *P*, in the region between 40 A and 80 A. In figure 4 of his paper
on the spectra of highly-ionised atoms, the observed wave numbers are plotted against atomic
number for this combination in the Co 1dike spectra Pd xx to Sn xxiv. For Cd xxn the
wave numbers are between 1600000 K and 2000000 K.

REFERENCE

B. Edléa, Physica 18, No. 9, 548 (1947).

March 1963.
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INDIUM
In1

49 electrons Z=49
Ground state 1¢° 38* 3p® 3s* 3p® 3d™ 44 4p* 44" 5¢° 5p P},
5p 'Poy £6669.93 K 1. P. 5.785 volts

Approximately 145 In 1 lines in the interval 1169 A to 12912 A have been classified. The
most extensive term list is given in Paschen’s 1938 paper, which includes the 5p* ‘P term,
reported by Sawyer and Lang and by Lansing, evaluated from measurements of hyperfine-
structure components.

Paschen’s level called “A”, which he designates as part of the 6s’ ‘P term, has been included

in the table with the writer's tentative assignment of J=2%.

Edlén has pointed out that the term for which Paschen (1938) suggested the designation
58 5p? 2D “must be 4f 'F°, as it was originally identified in earlier papers’’.

The terms 5f *F° and 6f 'F° have been added from infrared observations by Meggers and
Murphy in the interval 6847 A to 12012 A. Their paper contains an excellent summary of
the work on this spectrum. The term 5p* 'P has been published by Garton and also by Clear-
man; and the terms 5p* S, 6p’ S are given in Garton’s 1950 paper. The writer has received
from Garton in advance of publication his manuscript giving revised values of these terma, and
slso the series terms np’ S (n=7, 8), ns 'S (n=16 to 24), and nd D (n=16 to 30). He has
observed the new series members in absorption, and from the S series derives the limit 46670.5
+0.7 K.

Brackets in the table denote estimated values extrapolated from the series. Paschen’s
value of the limit, based on well-observed series, is quoted in the table. He derived it from
an empirical formuls of the Hicks type.

Obeerved intersystem combinations connect the quartet terms with the doublets.

REFERENCES

Sawyer and R. J. Lang, Phys. Rev. 84, 719 (1929). (T) (C L)
Lansing, Phys. Rev. 34, 508 (1929). (C L)
. Sat8, Reports Tohoku Imp. Univ. (Sendai) (1] Prof. K. Honda Anniversary Vol. p. 8 (1938).

Phys. (5] 33, 148 (1938). (I P) (T) (C L) (hfs)

Nature 188, 150, 1950; Proc. Phys. 80c. London [A) 84, 509 (1951). (T) (C L)

Clearman, J. Opt. 8cc. Am. 49, 374 (1952). (T) (C L)

. Murphy, J. Research Nat. Bur. 8td. 48, 334, RP 2820 (1963). (I P) (T) (C L)

Rev. Mod. Phys. 34, No. 2, 63 (1952). (Summary hfs)

3 . Phys. Soc. London JA]1 67,864 (1954). I P) (D (C L)

Walehli, A Tuble of Nuclosr Moment Dais, Osk Ridge Nat. Lab., ORNL~1469, Suppl. 11, 29 (1955).
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Ini Inx O
Coantg. Deslg, J Level Interval Coonfig. Desig. J Level Interval 9
. .00 84(8)11d 114 D 1 48311 51
Socese i ?n se1s 5e | B2 88 8 zg 45221, 08 . 57
54(8)0 6% oh | TR ®T 38(8)%f o or | 3 sas1 | g0 @
s pe s1816. 61 4208
ceop » ‘m se114.79 | W8 18 86(8)13¢ 18 8 0% | 48394.13
8#(8)8d % D 1 33802 13 8¢(18)124 12d D 1 45493, 98
0% an 3W18 43 n» ® 3 48502 04 8 08
Be 59 P 34977. 08 56(8) 10/ 10/ 'F* | 3% | 45608 89 _
i EE 36020 80 1041 14 2% | 48864 04 0.15
5(8) 14 14s 8 0% | 45630 44
5#08)7e 72 8 0% | 36%0L 60
BA(B)7. Ip 1P* 88901. 35 560(8)13d 134 D 1 45702 08
edds ’ 1 28978 84 111 40 8 3 43709, 02 6 ¢
8(:8)8d 64 D 1 30048, 48 5808)11 1y F* | 3 758. 50
o 3 39008 37 9% ey v 3 {5756, 5 0. 08
8S(8)4f vor | o2 sor07. 39 g 0(8)150 15 % 0% | 45808 88
' 80(8)14d WD | 1 45850. 30 802
8(9)8e 8 8 0% | 40836 71 2 45965 32
8608 "pe 227. 10 54(8) 1! 127k | 2
g ” W | ha i 844 oy o 3 45008. 58
5408)7d d D 1 4l 16e 16e %8 0 45041 9
o uw | | umE ] wa | e "
54('8)154 164 D 1 45082 3 s
58(8)5/ & F | 3%.3% | 4em00.0 2 45086, 69
34(8)% % % 0% | 4amass 54(8)17s 17 8 0% | 40047.4 ®
50(:8)84 8d D 1 43335, 63 5#(8)16d 168d D 1 46078 6
) 2 43384, 63 18 % s 3
54085)9p 9p 'P° 11»;2 43305, 08 2. 44 58(8) 18 18¢ %8 0% | 4613L6
) 5008)17d 17d *D 1 46156, 1
SS(18)8/ of P | 3K, 3% | 43584 4 2
856(8)106 100 '8 0% | 43880 83 58(8)19¢ 19 8 0% | 462000
184 184 D 1 46219, 9
weo | ww || | ;
56(18)200 208 8 0% | e63856
5¢(8)10p 10p P 75, 17
W | dmais 18 96 84(8)104 9w | 1 w23
S#08)1f e | 2 44400. 90
3 44400. 30 .08 84(8)31s 2ls 8 0% | 46302 1
8¢#(8) 11 11s 8 0% | 44508 88 56(8)20d 204D | 1 46316.0
5(8)10d 104 *D 1 44815 08
8) 3 44827, 02 11.9¢ 5¢(8)22 22 B 0% | 463422
: 21d * 1
sé08)11p 11p P* vl)g hissa o8) | 1o g 84(8)214 4 | 1 46352 7
pe 70 5 (18280 28 8 0 46374 9
ey v W | usmmro | g4 (8) %
5#(8)224 224 D 1 46384 3
84(8)13¢ 12 %8 o% | 45067.19 3
° ° ° ° ° ° ° °
. . L i . . L . _ o ~ R
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In +—Continned In —Ceontinned
Config. Desig. J Level Interval Config. Deaig. J Level Interval
8/(\8)24¢ 4 B o% 40402. 6 5°(18)90d 30d D %})2 46525. 5
8*('8)234 334 D %,}2 40410. 8
34(8)244 d D ; 46434 5 In u('8y) Limit |..__..__ l““.’)[
Ss B 0 59118
84*(18)254 35d D ; 46455 2 8e :: :: P 0% 50657
1 60653 905
342(’8)20d 264 *D 1% 46472. 5
2% Ss 5p(P°)6s 8¢’ P° 1135’2
842(18)27d 21d D %’)z 46488 1 2% 88881. 7
5a 5p("P°)8, ' 18 77907
3e08)284 28D | 1% | 46007 pOFGP | O o%
2% 5d 5p(*P°)7p 79’ '8 0% 846351
5s2('8)20d 29d *D ; 46514. 2 Ss 5p(CP°)8p 8p’ 18 0% 87700
February 1958,
Int OnsErvED Teams?
n
19 29 3p* 3d™ 49 Obeerved T
T orms
58(8)5p 5p p°
P
8s 597 { s B
ne (n26) ap (n20) nd (n>5) nf (n24)
SO(18)ne 6-240 18 6-11p 3P° 5-30d *D 4-12f 1F°
54 80P’ { 8 P o8’ %
®For predicted terms in the spectra of the In 1 isoelectronic sequences, see Vol. m1, Introduction.
° ° ° ° ° °
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Inn
(Cd 1 sequence; 48 electrons) Z=49
Ground state 1¢° 26* 2p° 302 3p° 3d™ 467 4p* 44" 58 1S,
815, 1521 K 1. P. 18.86 volts
The analysis is from Paschen and Campbell, who have revised and extended the earlier
work by Lang and Sawyer, and by others. Approximately 570 lines are classified between
080 A and 9246 A. Many lines exhibit conspicuous hyperfine structure which Paschen and
Campbell discuss in detail along with their analysis of the fine structure. Each member of
the G-series consists of one pair of double levels called n *G; 4 and a~G, 4 in the paper on analysis.
Inthotlblethowrimhuhbdedﬂma*Gupdrn“Gumdt.hon‘G.,.pliru'G.,.in
accordance with the suggestion of Trees. By analogy, the *H and ~“H series are handled simi-
larly in the table. There is evidently a mixing of J-values among the four levels of each series
member.
Paschen and Campbell list abeolute term values based on the H-series as derived by means
of & Rydberg formuls without & Rits correction. Their limit, quoted above, is 18 K lower
than the earlier value, by Lang and Sawyer.
Obeerved intersystem combinations connect the singlet and triplet systems of terms.
REFERENCES
R. J. Lang and R. A. Bawyer, Zeit. Phys. 71, 483 (1981). (I P) (T) (C L)
F. Paschen und J. 8. Campbell, Ann. der Phys. [5) 31, 29 (1938). (I P) (T) (C L) (hfs)
J. E. Mack, Rev. Mod. Phys. 33, No. 1, 64 (1980). (Summary hifs)
R. E. Trees, unpublished material {(August 1953).
Inn Inn
Config. Desig. J Level Interval Config. Desig. J Level Interval
Sé 58 18 0 0 5s(38)7s 7 8 1 131487. 71
548)5p 3p P 0 482765 1074 5408)7s 7s 18 0 123368, 04
1 43349 2478
3 45887 5408)4f 4 We 2 123637, 85 519
3 1£3643. 04 16 68
5¢08)5p 5p 1P° 1 63033. 81 4 188659. 78
5¢(°8)6e 6 8 1 $3919. 08 5s(18)47 4f F° 3 193694. 07
Se(H)e G 8 0 [ omzs36 Se(5)6d 64 D 1 | 124737.90 33,97
5 59 D 3 97633, 61 : g 53 43
e 5 P 9 | j0nd, 16412 | sosed 6d 'D 2 | 13606816
3 ! 19 5s(8)7p 7p 'P° 0 186988, 03
. 62. 14
5d D . 17
oM | WD ||| e D | ) W
3 102308. 23
208)0p o P ° 107867, 87 17030 54(18)7p T P° 1 127668. 63
3 | Jei | sesas | seoms & 8 1 | 13300767
S5¢(8)0p op P 1 100775. 39 84(*8)8s 8 18 0 133549. 12
54 D 2 07 Be o 2 3935. 83
5s(285)6d | 113880 (38) 51 5f ¢ : ;3 - 43 la_ &9
5 58 0 121284 71 4 133965, 71
° ° ° 'Y ® . ° °
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In B—~Continued In 1—Ceontinned
Conflg. Desig. J Level Interval Config. Desig. J Lavel Interval
8 pe 3 133979. 84 54(8) G 34 | 145208 34
s-((:,)v : G | 3,4 | 13650718 N A EEE 5 v
be G | 48 | 13481101 38 | 508 8A 'H® | 4,5 | 14588151 25
508 7d 74 D 1 134721, 67 56 | HnB®
3 | 1473919 181 s0si0d 104 *D 1 | 145378 26 e
3 134767, 07 . 3 145382 99 i
3 145390. 20 .
5008) 74 74 D 2 135305, 63
S -, . 5208)10d 10é ‘D 2 145404 76
1 138856. 79 1.8 5(8)11p 1p P° o
2 135094 5 - ! 145650. 93
5e0'8)8; 1pe 1 130092. 10
r S 5e(8)11p 11p 'P° 1 145678, 91
5008)0 % 8 1 139152 27
5008) 124 122 8 1 146532 37
50080 % 18 o 139382, 53
oy o X 199644 50 54('8) 122 126 18 0 146508 23
s | 1sssires | 38 T of P | 3 | ueseosss | _ o
4 139888, 41 3 148607, 43 =
1 140619, 81
5e08)0f o F° 3 139581, 23
508)9f 9 'F° 3 140633, 49
et %3 },g -+ i 5e(8)09 % G 3,4 | 146745 44
11G €5 | 14674904 3.6
5e(6)84 8d D 1 140077, 42 10.46
3 140087, 88 TP 5(S)9A oA SH® | 4,5 | 148784 61 25
3 140104 34 568 | 146768 15
5:08)8d 8d D 3 140403, 60 5¢(8)11d 114 D 1 146807. 73 97
2 146810 4 27
50(8)9p 9 P° 0 3 146815, 83
1 140799. 75 o8
3 140817. 6 - 5e(8)1.d 11d D 2 146885. 43
8+('8)9p 9p P 1 140840. 18 54(:8) 13 13s 18 1 147629."77
5¢(8) 106 106 8 1 142703, 52 5e(8) 10/ 10/ F° 2 147677.76 | _g 1a
3 147676, 63 3
54(08) 106 10: '8 0 142852 13 n 147687, 14 -
5:08)71 AR o 2 142988, 96 2 41 5¢(18)134 13s 18 0 147676. 63
3 148925, 87 125
4 142988, 34 5e(18) 10/ 10/ 'F° 3 147699. 57
5e08)7f 7 R 3 142964. 91 5¢(8) 1 109 G 3,4 | 14778228
0 9,8 45 | 147785 81 3.53
5:08)79 70 G 3,4 | 14317879 455
113G 45 | 143182 34 5¢(18) 10h 10h SH® | 4,5 | 14779652 3 54
10At9H° | 5.8 | 14780006 -
5008)0d 9d D 1 143203, 63 485
3 143300, 48 n s 5e(8)12d 12d D 1 147828 63 2 87
3 143311. 02 2 147831. 50 28
3 147835, 53
5e08)0d od D 2 143479. 10
50(*8)12d 124 D 2 147884 13
85¢08)10p 10p 'P° 0
1 148701. 70 1 50(15) 14¢ 4s 8 1 148436, 04
2 148738 81 Se(8)11 11f *F° 2 148487, 23
5s(8)10p 10p P° | 1 | 143758.28 / / 3 | 1ssesee | 39
4 1484756. 19 e
|
8eCE)11s e 8 1 144985 21 5e('8) 14s s 18 0 | 148470.73
5¢08)11s 11e 18 0 145081. 50 50811/ 1y Fe 3 148486. 65
Ss("B)8f 8 F° 2 145110. 98 172 5:08)11g 119 G 3,4 148549. 25
3 145118. 70 - 1.3 ’ ; 3.55
H 146124, 60 11. 80 G 45 148552. 80
5¢(8)11A 1A SH® | 45 | 148660. 11 2 54
540'8)81 & W 3 145139, 62 13He 6 | 148563 65 :
° ° ° ° °
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In B—Continned In I—Continmned
Conflg. Desig. J Level Interval Config. Desig. J Lesvel Interval
508134 134 D 1 148884 8 28 8¢('8)15d 154 'D 2 149633 23
2 148587, 8 4
3 148500 9 54(8)17s 17 8 1 149692 67
508)13¢ 134 D 2 148626, 13 5408) 17 17 18 o | (149008 8)
8¢(8) 180 1% 8 1 149048 06 5e(6) 149 14 'G 4 | 149048 47
5e08)13f 127 ope 2 149065. 80 “ia 2:6 149040, ol v
3 1400278 | 314 e (") 14A A SH® | 4,5 | 149961168 5 84
4 149073, 89 . 56 | 149064 70
5008) 15¢ 15 18 0 149072 46 5s(18) 164 164 D 1 149062, 4 23
2 140068, 7 HH
5e08)12f 127 e 3 149084 04 3 149967, 5
5008)13¢ 129 G 3,4 | 140132 24 2 54 50(18) 164 16d 'D 2 | (149983 88]
45 | 14913578
5¢(8) 184 18 18 1 | {180198. 13}
SaCEN12A 12 *H* &g fﬁfﬁ 240 354 08)174 17d *D 1,2 | 1502533
5 ,
3 150283, 97 0.8
5¢08)14d 14d D 1 149160, 5 20
2 149163 5 39 5¢08)17d 17d D 2 150267. 05
3 149165, 4 .
52(8) 190 19 8 1| (150438 41)
50(8) 144 14d D 2 | (4192 o}
5¢(8) 184 184 D 1 150488, 3 23
506) 160 16¢ 8 1 149519, 15 2,3 | 150488 6
56(5) 160 16 18 0 149539. 30 5¢(8)18d 18d D 2 | [(150499. 27]
508)13¢ 13¢ G 3,4 | 14088871 5¢08)19d 194 D 1
.8 4,5 | 149580 25 3.54 8 2
3 150683. 0
5e(8)13A 136 3H® | 4,5 | 14969878 - -
56 | 149606.06 | 35 |l |l
5e(8) 154 154 D 1 149609. 4 In mQ, Limit ... 152196
2 149600. 86 %35 Bud
3 149612 7
August 1953,
In 11 Osssnvep TarMa®
Conﬂg\u‘lﬁon
10228 Jpt 301 351 Observed Terms
3% 48 dpp 4d™ 4
5 50118
5p* WP
L d { 5p4 18 P 5p* D
ns (r26) ap (n25) nd (n 28)
6-17¢18 5-11p3P° 5-194D
Se(*)nz { &1 5115 1P° 5-13, 16, 17d1D
nf (n24) ng (n25) nA (n 20)
4121 F° 5-14914G 8-14A 1IH®
Se('B)nz { 4—1% 1} b

*For predicted terms in the spectra of the Cd 1 isoelectronic sequence, see Vol. m1, Introduction.
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(Ag 1 sequence; 47 electrons)

Ism

Ground state 14* 25* 2p* 34° 3p* 3d" 44? 4p* 4d% 5¢ By,

56 'Sy, 226100 K

Z=49

1. P. 28.03 volts

The analysis is from Nodwell, who has furnished his tentative results in advance of publica-
tion, especially for inclusion here. He has classified 56 lines in the interval 685.31 A to 6197.72 A.

The 8p’ ‘P° term requires further confirmation.

The limit is from Catalén and Rico, who have derived it by comparison of the third spectra
from Y to In.

REFERENCES

R. Nodweil, unpublished material (December 1958). (I P) (T) (C L)
M. A, Catalén y F. R. Rico, An. Real Soc. Esp. Fisica y Quimioa (Madrid) [A] 3, 85 es7. (Ip

Inm Inm
Conflg. Desiy. J Level Interval Config. Desig. J Level Interval
4d»(8)5s 5 8 03 0.0 4dv('8)6d ¢ D ! ;2 {;83?&3 1825
4d(8)5 5p P° | 0% | 571811
P ? 1% | erses e | 43421 4dn(8)7p To P° | 0% | 180651 67 99.3
4P 59 58 1D 2% | 115868 7 | 18116051 .
1% | 1224148 | 88481 4d(18)5¢ 50 3G [3%, 4% 1865320
4d™(18)8s 6 18 0% | 1268743 4d1('8)8s 8s 18 0% | 189369.6 o
4d=(8)5d 5d D 1 128452 8 4dv(18)7d 74 D 1 190033. 5
2§ 128742 5 280.7 ) 2;‘( 190131, 9 98.4
4d%(8)6p 6p P° ‘1»;2 }ﬁﬁa: 1339.0 44%(8)6g 8 3G [3%, 4% 108647.0
ooy | sprpe | 34 | ssasest 4d4(18)0¢ 9 18 0% | 301149 07
‘1& ;%%?47 'ty 4d%(8)7g 791G |34, 4%| 2059613
449(18) ) 3 UL B P | B R R D
Y v 3& 161976. 8 8o In 1v(18) Limit |...... 226100
44%(8)7s 7s 58 0% | 169420.8
February 1957.
° = L ¥ ) ® ° ° ®
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Imlv
(W 1 sequence; 46 electrons) Z=49
Ground state 14 2¢* 3p° 3¢* 3p* 3d** 4¢* 49" 44" '8,
4" 8, SN K 1. P. 54.4 volts
The analysis is by Gibbe and White, who have classified 36 lines between 472.48 A and
1725.91 A. Obaerved combinations connect the singlet and triplet systems of terms.
The writer has interpolated the limit quoted here, from the isoelectronic spectrs Pd 1
through Sn v. This gives an ionization potential 3.5 volts less than the one quoted by Kruger
and Shoupp, which in turn is from a Moseley diagram by Gibbs and White.
Crooker and Nodwell have recently observed the spectrum with a vacuum-spark source
and will doubtless be able to revise and extend the present analysis.
REFERENCES
R. C. Gibbs and H. E. White, Phys. Rev. 81, 776 (1928). (I P) (T) (CL)
P. G. Kruger and W. E. Shoupp, Phys. Rev. 46, 124 (1934). (I P)
A. M. Crooker and R. Nodwell, letter (December 1955).
Imiv Inlv
Config. Desig. J Level Interval Config. Desig. J Level Interval
4d" 18 0 0 44°(D)5p 5p D° 3 206953 3824
2 208129 9821
44 ("D 5e 5s D 3 128785 —2106 1 2116560
" 3 130981 —4012
4d*(Dyo)5e 1 135803 44'(*D)5p 5p 1P° 1 208702
440Dy 8e 5% D 2 138764 44*CD)bp 5p 'F° 3 209886
44*(CD)5p 5p WP 3 194004 — 6858 4d*(*D)5p 5p 1D° 2 218788
1 200082 Z 4395
0 06057 | W h o] - TS I
44°CGD)5p 5p F° 4 2011568 452 In v(3Dyy) Limit ———- 439000
3 196706 _ 8851
2 205357

o
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Inv
(Rh 1 sequence; 43 slectrons) Z=49
Ground state 16® 24" 2p° 3s® 3p* 3d™ 42 49" 4d° *Dy
4d° "Dy LP volts
The spectrum is incompiletely known. The analysis is from Green, who has classified
43 lines between 368.67 A and 423.16 A. Observed intersystem combinations connect the
doublet and quartet systems of terms. No series have been found.
REFERENCE
M. Green, Phys. Rev. 88, 117 (1941). (T) (C L)
Inv Inv
Couflg. Desig. | J | Leve | Intecval Config. Desig. | J Level | Interval
4 4 D | 3 0 4d'('D)5; sp't 3F° | 32 258508
‘ ] 7188 | 7165 D) P 3 261260 2662
40P 5p D°| 3 296317 4d'0D)5 sp’ P | o 281230
| ens ’ aé 2061 | “A ¢Dise ’ % | sas0ss 863
\\ tlm sors D)5 sp” sD° | 2y 202971
| ? g 1% | sossser | 088
| 4d'0F) 5p 5p G* | &4
4 «oP)5p 5¢ oD° | 3K | #6415 | _ o4
‘ a;z 3% | 66071 163
' Y% 245128 & 265908
44*(0F)5p 5p ‘F° | 44
3% 248515 —4176 4d'0P)5p sp' D° | 1% 248226 623
3y 252091 5078 % 268849
1% 246718
44'0F)8p 5 D° ﬂz :zgﬁ — 3004 0% 275805
4d'0P)5p sp' 8° | oy 270850
44%QF) 5p Sp F° 3% 253878
b1 442 (G)5p 5p'1F° | 3y 271245 — 1320
2% 272565
4d'0F) 8p 5p 1G° | 44
3% 254808
Ad'OP)5p Bp' 8% | 1% 273867
4dOP)5p s5p' PPl 34 257129 —165
tl)ﬁ 257294

February 1086.




In v Ossnavep Tunas®

tion
18 ‘::v Observed Terms
3 M 48 P+
4d® 4D
np (n25)
sD° [} ad *
wen~ { B> 5w B
’ e ) ¢ «D*
W@ oPyw (re oo o
WD)”" 6’” pe 5’" p°® ”n pe
“'('O)n'“ ”lu ]PO

SFor predicted terms in the spactra of the Rh 1 iscelectronic sequenoce, see Vol. 111, Introduetion,

In XX1
(Cu 1 sequence; 29 electrons) Z=49
Ground state 15 22° 2p° 35 3p° 3d" 42 'Sy
408y K L P volts

This spectrum bas not been analyzed, but Edlén has obeerved the doublets due to the
transitions 4e-5p, 4p-5d, 4d-3f, and 4p-5¢, from Pd xvi to In xx1. In figure 3 of his paper
on the spectra of highly-ionized atoms, the lines are indicated on the photograph of vacuum
spark spectra of In observed from 40 A to 80 A.

By analogy with Cu 1 the writer has assumed the ground state indicated above.

REFERENCE
B. Edln, Puyuion 13, No. 9, 849 (14).
March 1988,
In XX
(Co 1 sequence; 27 electrons) Z=49
Ground state 1s* 2¢* 2p* 3¢° 3p* 3d° Dy
34" Dy K LP volts

This spectrum has not been analyzed, but Edlén has observed two lines due to the transi-
tion 3p® 3d° "D-3p* 3d™ *P*, in the region between 40 A and 80 A. In figure 4 of his paper on
the spectra of highly-ionized atoms, the observed wave numbers are plotted against atomic
number for this combination in the Co r-like spectra Pd xx to Sn xx1v. For In xxm the
wave numbers are between 1700000 K and 2000000 K.

B Bdln, Paysion 33, No. 9, 548 (1947.

March 1088.
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TIN
Sm1

50 electrons Z2=50
Ground state 1s* 24* 2p* 3¢* 3p° 3d™ 44* 4p° 44" 8¢* 5p* °P,
5p**P, 592318 K 1. P. 7.342 volts

In 1940 Meggers published an extensive analysis of Sn 1 in which he revised the earlier
work by Back, Green and Loring, and others. His observations extend from 2000 A to 13000 A,
and are supplemented by corrected radiometric observations of Randall and Wright between
12788 A and 24738 A. Spectrograms taken by Shenstone cover the short-wave interval
1400 A to 2200 A. Meggers lists 378 lines between 1697.59 A and 24738 A, of which 80 percent
are classified. Observed intersystem combinations connect the singlet and triplet systems
of terms.

Garton has observed the Sn 1 spectrum in absorption from 1300 A to 1800 A. He reports
the discovery of about 50 new atomic lines and states that analysis of this extension of Sn1
is in progress,

Barrow and Rowlinson have recently extended the ultraviolet observations of Sn1 and
reported a number of series lines above the ionization limit. All but nine levels in the table
higher than 59453 are from their list. Owing to the difficulty of fitting these new series on to
the known series, the writer submitted these data to Shenstone with the hope that he might
be able to interpret them. This he has been able to do by means of a new spectrogram in the
Schumann region connecting the separate regions of the spectrum. The present analysis
is from his manuscript, prepared especially for inclusion here. He has made some revisions
to Meggers’ analysis and classified about one hundred additional lines. The limits quoted
in the table are based chiefly on the series by Barrow and Rowlinson, the strongest ones being
nd 'P; (n=8 to 19) and nd *P; (n=8 to 27). Meggers derived the limit 59155.0K from the
ns ’P° series (n=6 to 15) and ns 'P° series (n=6 to 8), by means of a Ritz formula.

The ground term of Sn i1, 5p *P°, has an interval of 4251K. As a consequence of this
wide interval, the levels of a given configuration in Sn 1 having this term as limit, divide them-
selves into two widely separated groups, the lower of which has as limit 5p ?Pjy, and the
higher has the limit 5p ’P’?;:.nThe J-values of the limit are quoted in the table so that the
related pairs of levels can be distinguished. The Jl-coupling notation can be worked out from
the auxiliary table that precedes the references below.

Back, and Green and Loring have observed the Zeeman effect for Sn 1lines. Their results
are in good agreement. The g-values in the table are chiefly from Back’s paper. Some
g-values of Sn 1 lines, measured ss impurity lines by W. F. Meggers, C. C. Kiess, and C. J.
Humphreys on spectrograms at the National Bureau of Standards, have been averaged with
thoee of Back. This applies only to the levels.of the 5p*- and 6s-configurations.

In these Volumes the general format is to arrange the levels by terms. Shenstone em-
phasizes strongly that in the case of Sn 1 this is particularly misleading. In compliance with
his urgent request, an exception is being made for Sn 1, and the levels are repeated in a Supple-
mentary Table in numerical order over the range in which overlapping occurs.
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Sa F—Ceatinned
Author Couflg. Desig. J Author Cooflg. Desig. J
9] [} nd
n ;;', SpCPuIne ns [OM] ¢ :gl' S8p(PuInd nd (1M ?
. ' (1 2 »d D z
ne ql:: SpCPhOne ne' [1IM)* 2 'Dg nd K] g
l?:l;: SpCPaInp np [04] ‘l’ “:?l’ SpCPhynd nd’ [24)° ;
’ " 1 3 wd 'P " )
np .B: ap [14] 2 ‘Pg ad’ [1%4]° }
1P ’ 1 nd °P, iz nd’
B SpCPBInP n»’ [0%) ! g osr |0
D, " * 13 3 nd ” nd’
" :Ds "’ (3] 3 s mar |4
”n ’ ‘ l
-p:%' np’ [14] :
REFERENCES
J. B. Green and R. A. Loring, Phys. Rev. 38, 574 (1927). (I P) (T) (C L) (2E)
E. Back, Zeit. Phys. 43, 309 (1927). (T) (C L) (Z E)
H. M. Randall and N. Wright, Phys. Rev. 38, 457 (1931). (I P) (T) (C L)
W. F. Meggers, J. Rescarch Nat. Bur. Std. 34, 183, RP 1275 (1840). (I P) (T) (C L)
W. R. 8. Garton, Nature 168, 600 (1850); Proc. Phys. Boc. London [A] 84, 891 (1951). (T)
P. F. A. Klinkenberg, Rev. Mod. Phys. 34, No. 2, 63 (1952). (Summary hfs)
R. F. Barrow and H. C. Rowlinson, unpublished material (Nov. 1853). (T) (C L)
H. E. Walchli, A Table of Nuclesr Momeni Dats, Osk Ridge Nat. Lab., ORNL-1469, Suppl. II, 29 (1985).
(Summary hfs)
A. G. Bhenstone, unpublished material (June 1956). (I P) (T) (C L)
Sal Sn1l
Config. Desig. J Level Interval | Obe. ¢ Config. Desig. J Level Interval | Obs. g
50 P |0 0.0 0/0 Be* 1P |1 | 46608 4
o WP 10 bl | 1mus| 90, | SeoecRLe | op
2 | 84777 1. 453 || 50 5pCPLOGP 6p 18 |0 | 46936 37
540 5pt s5»'D |2 | se1zo 1. 083 || 50 5pCPY5d 5d D° | 3 | 47145.7 0. 941
5 5p* 58 [0 | 171626 0/0 §a 5p(Phobp 6p '8 |1 | 478057
5¢ 80Py 6e 6 P° ? ’”ﬁ_ : . ?.l%so 54 5p(PL6p 6p D |2 | 481807
5 5pCPLGe 2 |ssessis | 36| ygor || S4OpCPROTe | Te 0PSO | 488108 a8l Lae
B4* 5p (P86 6 1P° |1 | 3071 1121 || 3¢ SPCP1O7s 2 | 68418.7
56 5p( P 5d 5d P | 2 669. 6 1 406
Be Bp* 5p%8° |2 | 396855 PCE i | 4808t 0 H2Ll L2
" 0 | 49487. ¢
$ “m
8¢ EpCEBIOP o *P g :m § —m ; 5S¢ 5p(Pho5d 5d F° |8 | 498988 1. 043
8¢ 5pCPLOGP 7338, 8¢ 8p(P)5d 54 P° | 1 | 60125.9 1. 066
8 5pCERIGp | G2 D |1 | 433085 | _1308 8 5pCPMOTP | PP |0 |B187a8 | _o0
80 5pCP1L)6p 3 | 470008 | 37681 5t 5pOPL,YTp 3 | 201558 | a1
5¢* 5p 5d 5d F° | 3 | 43683.0 0. 865 o
8o Sp0PrSsd 3 |#7is0 | ssso| 383 s4speEpes | 60 |1 | SUIEL | _seqq| 0803
4 " 3 | 561754 9 7444
5 5d 54 'D° | 1 | 44508.8 0.635 || 8¢ 5p(PYY7 7 |1 |s11338
SR 3 |dhiase | 3421 Tig [ 00%C ki ? 2 (811708 | o508
" 3 | 446761 L 167 |l 8¢ 5p0P107p 3 |85139.9 g
) ' °® °® ° °
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Sa —Centinued Sa —Centinged 0
Consg. Desig. | /| Level | Interval | Obs. ¢ Config. Desig. | J | Level | Interval | Obs. ¢ ,
6 F |3 |s11008 ¥ 37 | 85800
o 335233 3 |ssrs0.7 | 48708 SCPLOY
‘ 80 3pCPLOAS D |1 |see229
8 Sp0PROY 3t | 52240.0 8¢ BpCPLYTd 7d 1| 3 | sesse 4 @
2 | 533 s e P |0
S IpCPROY 80 BpCPRO 110 * 1 | 57004 5
8¢ SpCPHY Ty 798 |0 |s3e83 3
Ta 1 .8 9d D |1
3 bpCPLOTe . P s4708. 50 5pCPRYN 3 | 57108 7
3 ™ 8 P12 | soos0.e 3
5 38%3:. 3 | 71408 | U3 B¢t 5p(PhSe 8 P* |1 | 572808
7 74 D° | 1 | sss0e. 8 10d D° | 1
5 SpCEN 3 | ssess 4 % 30 5p0PRO 104 2 | 875987
” 3 | 538960 3
7d 7d o | 2 | susis. 7 120 °P* | 0
5 44 %u 3 35160, 8 4w s 50 5pCPh 120 1 | erses.0
' 1\ | 66074 0 5 14 3 | 67800 8
" o | saves 4| —Toes SpCERO 3 |sr847. 00 -9.3
8¢ BpCPROM 84D |1 |simesr| L4, 18 p* | o
% 2 | ss1%0. 97 ¢ 13 { | 67899.0
v 3 |Gl s | —04 52CPbd 4
5 3t | 54702 6 7d P | 2
s SpCPROY 5¢ SpCPYYTd 1 | 67984.7
50 5pCPLOY 3t | 54767.7 0
2t | sa77L 8 12 *D° | 1
S PN 50 5p0PLo 134 2 | 58100.9 o
8¢ 5pCP1 TP 7P |1 | 549900 3
% S %10 | ssuse.0 5 we | T 58143.8
e 381':?.3». 2 | 508759 42109 SpCFR) 3 )
8¢ SpCPY 6d 6d '\D* | 2 | 55890.1 50 53 0PRO 150 15¢ 'P* (l) 58384 8
50 3pCPLOTP 78 |1 |sss7as 2
50 8pCP1LO TP 79D |2 | 58500.6 16 P° | 0
5 59 spse |1 | sses7. 4 8¢ 5pCPhy) 10e 1| o888
Mitruend | MT |3 |55 | seas 5 5pCPROIS | 154 D° | 1 | 685850
4
3
56 5p(PLYd 6d P |1 | s68440 17¢ %p° | 0
5S¢ SpCPnOed 6d P* | 3 | 50998.8 8¢ 5pCPRO 170 ; 58607. &
1
or }mm. s 5 5pCPuO16d | 164 1D | 1 | s3070.6
3
50 5p(Pho 108 10008 10 | sesse. s
. 18 P° {0
5¢ »Sm 10e 2 | 60608.8 4200. 6 8¢ 5p(Po) 188 1 | 68690, 0
8¢ 5pCPLO 4 27 | s6306. 0 2
8 5pCPY)1Td | 17d D° | 1 | 887478
5¢* 5pCPDY4S 3t | 56400. 7 5pCPY : 4
50 SpQOPLI4S 2 | 564865 3
56488 19 P° | 0
8¢ 5pCPLO4 1 8 8¢ 5pCPYo) 196 1 | ssrs 4
Se e | 1 | s6888.0
v |
3 |snste 8¢ 5p0PLOd 74 p° |1 | 589708
L o ® ® ® o o ® L

“' \‘x' 4 koo - - . 4 3 l"‘ V‘ W o sl PO _._._J




emessnnd N — v "**T@* 7
"’ ®
Sa I—Centianed Sa I—Centinued .
Condg. Desig. J Lavel Interval . ¢ Config. Desig. J Level Interval | Obe. g .
8 SpCPNYY 37 | 50046 6 & Bp(PLY 148 44 P* | 1 | 00851 8
.......................... S8 Sp0PLYIMd | 14d 1P |1 | 68716. 4 @
8a n 0Py Limit |.__.| sez3L 8 8¢t 8p('P1yo) 16¢ 100 'P* |1 | 697450
8¢ Sp(P10 S P* |1 | s04880 S 5pCPhO15d | 16d D° | 2 | 62774 8
8¢ Sp(PyY 8 8d P |1 | 60081 4 8¢ 5pCPnY15d | 18d P° |1 | 87709
B¢ 5p0PHO8d 84 'P* |1 | e0897.0 S84 5pCPLY1Sd | 154 P | 1 | 02897.5
80 5p(PH od SP° |1 | 00048 4 8¢ 5p(PBY 178 17s P |1 | essss e
8¢ 5p(PH) M od P |1 o110 8 82 5pOPyY16d | 164 'D° | 2 | 68871 8
8¢ 5p(Py) 0 odre |8 |61847.8 50 5p(CP1O16d | 16d *P* | 1 | 02878.1
Se* 5p(PuY10d | 10d tD° | 8 | 61534 8 80 5p(CPBYI6d | 16d 'P° (1 | 69910.0
54 5p(OPRY10d | 10d OP° |1 | 61558. 8 8¢ 5pCPYY 17d 17d 'D° | 3 | 62964 ¢
5o 5p0PDI108 ] 104 P | 1 | #1744 8 S0 8p0PYY17d | 17d P* | 1 | 62956, 4
52 0pCPLOI0d | 104 P {3 | 617680 8¢ SpCPNY17d | 17d 'P° |1 | 68908. 5
50 5p0Py) 12 122 'P* |1 | €1850.5 S¢* 5pCP1) 184 18d 'D* | 3 | 63018. 1
80 5p(Pyd11d | 11d D° | 3 | 61063.0 8¢ 5pCPnY18d | 184 P* |1 | 63025. 9
80 5pCPLYIId | 10d P° |1 | 61078 8 8¢ 5pCPUY18d | 18d 'P° | 1 | 630518
8 5p0Phild | 1Md P° |1 | 6f110.6 50 5p(Ph19d | 19d 'D* | 2 | @8078. 6
80 5p(PY 114 11d F* | 3 | 69197 8¢ 5p(*P1o 194 194 *P* | 1 | 63080. 3
54 5p0PLY18 | 130 1P* |1 [ 681915 58 5pCPBOI9d | 19d 'P° | 1 | 68104 2 o
58 5pCPNH) 1N 124 'D* | 2 | 69903. 9 568 5p(3P1)20d 20d *P* |1 | 63122.5
S8 5pCPLI13d | 134 3P° |1 | 62007. 3 84 5pOPLY31d | 21d WP° | 1\ | 63160 4
5 5pCPlO12d | 124 'P* |1 | 698783 8e 5p(PO22d | 23d P° | 1 | 63191. 6
8¢ 5p(P1912d 124 SF° | 3 | 69385 8¢ 5p( P19 334 23d 'P° |1 | 63220.7
50 5p(OPg) 140 148 P° | 1 | 68431.0 58 5p(PN)24d | 24d P° | 1 | 69844 8
B¢ 5p(PYg 18d 13d 'D° { 3 | 624831 5 Sp(P1Y25d | 25d P° | 1 | 63267. 9
89 5p(PL)13d | 13d P* | 1 | 684840 8¢' 5p(CPDO36d | 26d P° | 1 | 632835
S/ 5p(PLY13d | 13d P | 1 | 625645 56 5pCPLY27d | 214 3P° | 1| | 632975
8¢ 5pCP) 150 156 P* |1 |09009.4 | | M oo S
5 5pCPyY14d | 14d 1D* | 2 | 62047.8 8n 1 CP1y Limit |....] 63483 2
July 1086.
|
|
e ® ° ® ® °® ° ® o &
Mb - T _J‘
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Sa I—SUPPLEMENTARY TABLE 6
Conflg. Desig. J Level Config. Desig. J Level ®
50 5p 5p* P ° (Y] 5¢* 5p("Pig) 6 6d F° 2 51100. 2
" 59 P 1 10L 8 5¢ 5Pl 7p 7» D 2 51170. 8 @
v 5P 2 M7 " 7» P [ 51374 8
" 52D 3 8613 0 5¢ 5p(Plo6d & 'D° 1 61475.1
" 58 ° 17162 6 8¢ 5pOPuy6d 6d *D* 3 517549
B¢ 5p(Pyo) Be G 'P° (. 24640.8 8¢ 5p(PyO4f 37 832490
" e 2P° 1 84914 8 " 3 52263 8
54* Sp(P1y) B¢ 6 P° 2 38888 8 5¢ 5p(PLY TP 7 8 0 52265 3
" 6 'P° 1 20857. 1 8¢ 5p(P1YTs 7s P° 3 584157
B 5p 59 8° 3 39685, 5 " 7s 1P* 1 50708. 8
5¢* 5Py 6p op P 1 43342 3 5+ 5p (P Se 8 P° 1 530%0. 8
" 6 D 2 43238 7 50 5p(Po 7d 7d D° 1 53592, 2
» 6p D 1 43368 5 " 7d D° 2 53631. 4
" op 'P ()} 43430. 0 ” 7d D° 3 53826.0
5¢ 5p(Pyo) 5d 5d IF° 2 43883.0 " 7d 1F° 2 542117
" 5d 3D° 3 ih14d 0 Sst 5p(P1,) 6d 6d P° 2 54653 4
v 5d D° 1 44508. 8 50 5p(Pyo8d 8 sD°? 1 54718.8
" 8d D° 3 44576. 1 54 5p(Pyo5f 3? 54763 6
5¢t 5pOP1O 6P ép P 1 46603. 4 " 2? 54767. 7 o
" 6p 18 0 46036. 3? " 2t 54771. 8
" 6p *D 3 47006. 8 50 5p(*Pyo8d 8 iD° 3 548%0. 5
B¢ 5p(P1)5d 5d 1D° 3 AT145. 7 58 5p(PLY TP 7p P 1 54990, 0
5¢ 5p(PL 6p 6p P 3 47235. 3 5s* 5p(Ppo6d 6d 3p° 1 56074.0
5¢* 5p(P1)5d 8d 3F° 3 §7488.0 54 5p (P 8d 8d 'D° 2 55130. 97
5S¢ 5P 6p 6p 8 1 47808. 7 5¢ 5p(P1y) Tp 7p D 3 55139.9
" 6 D 3 48180. 7 58 5p(P3) % 9 P° 1 56156.0
5¢ 5pCPROTs 7a 3P° 0 i8810. 2 5¢ 5p(P1)7p 7p P 2 55186. 9
" 7s 3P° 1 48888 1 5s? 5p(1P1,) 6d 6d 1D° 2 56296. 1
a8 Sp(PYo 5d 5d *p° 3 48009. ¢ 50 5p(PL) TP 7p 8 1 55373. 8
" 5d 1p° 1 48982.0 o” 72 D 2 55500, 6
o 5d P° 0 49487. 2 5¢ 5p 5p38° 1 55687. 4
" 5d 1F° 3 49893. 8 5¢ 5p(P1)6d 6d 3F° 3 56739. 7
o 54 1p° 1 50125. 9 " 6d 'p° 0 55782 4
8¢ 53(Pho) 7 70 P 1 50755. 8 5 5p(1P,)8d 84 IF° 2 56808, 2
5a* 5p( P} 6d 6d D° 2 51010.5 5¢ 5p(*P1,)6d 6d 1P° 1 56244.0
s 5p(PRI TP 7p D 1 51113.3 " 6d 1F° 3 56298. 8
[ [ o L ® ® ® o
[ PRTEN FIAIISCVPRPRSFSRT S SIS E .




T
Sa I—SUPPLEMENTARY TABLE—Centinned
Coadig, Deaig. J Lovel Config. Desig. J Level
lor 2 56387, 4 508 5pOPL 12d 13d *D* 2 58100. 9
8e* 5p0PY) 100 10¢ *P* 1 56389. 3 86* 5p(Po 140 14s 3P 1 58143. 6
80 SpOPYOA 3 56306. 0 50 5p(3Phy) 18 15 P° 1 58384 3
“ 3t 56400. 7 8¢ 5p(Py) 16¢ 16s P° 1 58583. 8
" 2 86480. 5 8¢ 5p(Ph) 15d 154 D° 1 58686. 0
" 1? 56488 5 56 5p0PL) 17 17s P* 1 58007. 5
8¢ 5p S8prsD* 3 56544. 8 50 5p(Pyo 16d 16d D° 1 58679. 6
8¢ 5p0PHY4S s? 565850. 0 8 5p(Pl) 188 18 3p° 1 68890. 0
3¢ 5pCPUO4/ D 1 56032 9 8¢ 5p(OPY 17d 17d D° 1 58747.8
8 3p 5psD* 1 58658, 0 50 5p(*Pq) 19¢ 19¢ 3p° 1 58758, 4
8¢t 5p(P07d 7d 1P°? 3 50839, 4 8¢ 5p(P107d 7d p° 1 58970. 3
8¢ 5p(Pho 11 11s 3P 1 57094. 5 Set Sp(PP1 5 3t 59046. 6
568 5p (PPl 9d 9d ID° 3 57106.7 8¢ 5p(P1)7d 7d WF° 3 69190. 8
58 5p(P1yo)8s 8s P° 2 E7148.8 || e fece e ceceea e el
5¢ 5p? 5p*3D° 3 87181. 0 8o 1Py Limit ... ._.... 59331. 8
8¢ Sp (P18 8s 'P° 1 57288. 3 50 5pCP1) % 8s P° 2 59876. 9
8¢t 5p(P%o 10d 104 3D* 2 576387 ’ 9s 1P* 1 59453. 0
58 5Pl 120 12s P° 1 57668, 0 5 5p(°P1yg) 84 8d P° 1 80051. 4
8¢ 5p(Pyo 114 11d D° 3 §7847. 01 " 8d 1p° 1 60397. 0
” 11d *D° 2 57856. 8 ” 8d F° 3 60450. 0
5¢° 8p(Pg) 13¢ 13¢ *P° 1 57899.0 50 5p(P1y) 10¢ 10s P° 2 80698. 8
3¢ Sp(PLO T4 7d e 1 L g T | ) R I R
See remaining levels on page 77.
Sn1 Ossarvep TErMs*
18 308 ;’ 3 3aw Observed Terms
40 490 4} i
) P
8¢ 5t { sms i 5D
5p* '8°
Se W { 5" e w n°
ne (n>0) np (n2>6)
6-19s 3P° 8, 7p38 6, 7p P 6, 7p D
5¢ 5pCP°)nx { 6-9, 13-17s 1P° 6 758 6, 7p'P 6, 7p'D
nd (n>5)
5-27d *P°  5-132, 15-17d *D°  5-13d IF°
5¢ 5pCP)na 5-19d 1P° 6,6, 10-19d 'D°  5-71d IF°

*For predicted terms in the spectra of the 8n 1 isoelectronic sequence, see Vol. m1, Introduction.
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Sam
(In 1 sequence; 49 eectrons) Z=50
Ground state 10 3¢* 2p° 34° 3p* 34" 44 4p* 4d¥ 5¢° 5p 'Ply
5p °P;) 1180170 K I. P. 14.628 volta
In 1938 McCormick and Sawyer published an extension and revision of the earlier work
on Sni. Shenstone has recently reobserved the spectrum between 600 A and 2500 A,
revised » number of their term values, carried the analysis further, and confirmed the 1938 value
of the limit from a Rits series calculation. There are approximately 145 classified lines
in the interval 899 A to 7804 A. The doublet and quartet systems of terms are connected
by observed intersystem combinations.
In the table, the energy-level values given to one decimal are from Shenstone, who furnished
them in advance of publication for inclusion here. Previously identified levels not confirmed
by his new observations because of the limited range, are given without a decimal.
Green and Loring observed the Zeeman effect for 8 Sn 11 lines. The g-values in the last
column of the table have been derived by the writer from their observed patterns.
Shenstone comments that ‘‘the analysis is far from complete since it requires new observa-
tions with the hollow cathode, over the whole range of wavelengths””. This is indicated by the
miscellaneous levels in the table. He notes that those labeled 1°, 2° and 3° have the con-
figuration 58 5p(*P°)8s or 5s 5p(*P°)5d.
REFERENCES
J. B. Green and R. A. Loring, Phys. Rev. 38, 574 (1927). (C L) (Z E)
W. W. McCormick and R. A. Sawyer, Phys. Rev. 54, 71 (1088). (I P) (T) (C L)
H. E. Walchli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL-1469, 44 (1953). (SBummary hfs)
W. R. 8. Garton, Proc. Phys. S8oc. London [A) 67, 864 (1954). (T) (CL)
A. G. Shenstone, unpublished material (June 1855). (I P) (T) (CL)
San San
Config. Desig. J Level Interval Config. Desig. J Level Interval
564(18) 5, 5p P* spt8 1 0! 80208. 1
(8)5p » ! al | asne 8e 55 P %
50 59 5P0P P 0y 80458.3 | 060 7
5s 5p° 5p ‘P 141 464684 2 1903. 8 1% 81718.0 g
1K 483068. 0 2862 0
2% 50730. 0 52('8)7s 7s 8 11 86280. 2
Set(18)6s G 8 03 56885. 9 5(8)4/ 4f W 3y 89288 -6
214 89292
8¢ 5p? 5p* D 1% 58843. 8 619. 6
2 50463. 4 803(18)6d 6d D ; %45&2. ; 111 4
50(18)8d? 54 D 1% 71405. 6 642. 0
2% 72047. 6 5(18)7p 7p *P° 0% 81908 363
500(18)6p 6p P* 0% 71494. 3 ™ bes00
1% 7e877.3 | 8830
® ® o @ ® @ ®

@o.oq
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Sa 1~~Continned Sa D—Continned
Conflg. Desig. J Lavel Interval Conig. Desig. J Level Interval
R % 0% 98602 1 P08y o G a } 113870
S08) e 20840
v v 3;2 90068 —4 54(8)114 114 'D 1
40T 74 D | 100284 6 2 112007. 8
5.6
| e soc8)10p | 109 %0 %} v
84(8) 8 P* 101198
o ? W | foier 9 2 OP°N | 4 | 113810.0
(80 % 8 0% | 1068801 so0a) 11, 1y %G 2 }mm
P08 W m 105887
(¥ 84 8d D 1 L., - N Y O | B R R R e AR
s 3 1086764 8 .7
50S) 8 ¢ 3G ; 106735 8n (&) Limit |....... 110017. 0
0%
s 1pe 3 119080, 91
(18)9p op m 108388 { ﬁr‘ }
58(18)10e 100 8 0% | 1083541 0%
4° [ or } 120088. 8
580879 T G 3 100000 1%
1
58(8)9d 9d 1D 1 109007. 3 18 6 s { P } 120253. ¢
2 109025. 9 2%
1° (*P°?) 0)4? 109228. 41 8° (*D°?) 3K? 182491. 8
Se5p0P*)6e | 64 P° 0 100486.5 | yuna 7 Be5pOP*)d | T°(P°n) | 1% | 1es166.0
18 1orrss | 15327
2 114248, 7 - Be5p0P)Sd | 8 (P | 34t | 1s4e40. 47
58(S)11s 11s 38 0% | 1100962 5e8pOP°)6d | 9° OD°N | 1347 | 1s4887.7
5H0S)8g 4G % 11118 50 5p0P°)5d | 10° OD°T) | 1% | 1321880
1%
56(18)10d 10d *D 1 111128 8 5e 5p0P°)sd | 11° 132708. 3
() 2 111141. 8 12.8 PEP) [ 2% }
July 1985,
Sn 11 Onssaavep TarMs®
tion
1828 z{'»fa.- 3pp 3dw Obeerved T.
40 4pt s erms
P
8 8p* { s Toor 591D
ns (n>6) np (n25) nd (n25)
58(8)nz 6-11s 8 5-9p 1P° 5-114 D
5s 5p0P%)nz’ 8¢’ 1P°
nf (n24) ng (n25)
58(S)ne 46/ 3F° 6-1193G

*For predicted terms in the specira of the In 1 isoelectronie sequence, see Vol. 11, Introduction.




{Cd 1 sequence; 48 electrons)

Ground state 14 2¢* 2p* 34* 3p* 3d™ 44 4p° 4d¥ 56 1§,

56 'S, 2460200 K

Z=50

1. P. 30.49 volts

Shenstone has revised and extended the early analysis by Gibbs and Vieweg and others, and
furnished the tabular data in advance of publication.
614 A and 3963 A in his line list based on new observations of Sn 111
limit from the ns?®S series by meaans of & Ritz formula.
connect the singlet and triplet systems of terms.

There are now 125 classified lines between
He has derived the
Observed intersystem combinations

REFERENCE
A. G. Shenstone, unpublished material (June 1955). (I P) (T) (C L)
Ssm San
Config, Desig. J Level Interval Config. Desig. J Level Interval
3¢ 5018 0 0.0
wewsd | s | e e
34(38)5p 5p P° 0 53548.0 . )
1 58190 4 184 3 | 188129.0 132.7
o223. 5208)6d 64D | 3 | 189689.9
84CS)5p SpiPe 1| 799ILS 5408)5g 50%G | 3 | 2081103 0.0
4 | 2081103 -
5p 5p* P 0 | 127308.5 | .4, , 5 | 206133.3 .0
1 | 130110.6 | it
2 | 134567.2 : 58(18)5¢ 59 1G 4 | 206125.7
3p 5pt'D 2 | 1282047 5s(28)8s 8¢ 18 1 ] 207956.9
5408)6s 6s 38 1 | 139637.9 56(18)7d 7d D 1 | 208647.4 a5
2 | 208604.9 H%
34(8)5d 5d 3D 1 | 1413215 204 9 3 | 208775.0 -
2 | 141526 4 Ny
3 | 1418381 . 5p(P°)5d 1° 2 | 2087316
54(8)8s 6s 18 0 | 143590.8 55(18)7d 7d D 2 | 209255 87
52(18)5d 5d D 2 | 15411585 5p(P°)5d 2¢ | 2003 | 218840.77
58(18)6p ép *P° 0 | 159999.8 275. 6 5p(P)5d 3° 1 | #15618.0?
1 | 160815.4 | 3208
2 | 161438 % - 5p(P°)5d 4° |lor2| 215856 4
32('S)6p 6p 'P° 1 162725. 1 5p(3P°)5d 5d’ 1P 0
. 1 | s18752.0 867, 4
55018)4f 4f F° 2 | 179306.8 362 2 | 217619.4 .
3 | 179834350 g
4 | 1794411 50(18)% 9s 8 1 | 219504 37
5s(18)4f 4f 'F° 3 | o022\ {0
5‘(’8)7' 7s 8 1 186688. 3 Sn lv(’&‘) Limit . 246020. 0
5s(8)7s 7 18 0 | 187399.5?
July 1955.
® e @ L e
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SaIv
(Ag 1 sequence; 47 electrons) Z=50
Ground state 1&* 25 2p* 34 3p* 34 46® 4p* 44" 52 By,
5238y, 328880.¢ K 1. P. 40.72 volts
The analysis is by Shenstone, who has revised and extended the early work of Lang and
others especially for inclusion here. He has reobeerved the spectrum and hes a total of 45
classified lines between 505 A and 4216 A. His discovery of the 4d® 3s* D term is of special
interest.
His value of the limit is based on a Ritz series calculation for the ns S series.
REFERENCE
A. G. Shenstone, unpublished material (June 1958). (I P) (T) (C L)
Sniv Salv
Config. Desig. J Level Interval Config. Desig. J Level Interval
Ad(18) S 8 8 0M4 0.0 4d2(18)7s 7 B8 [0 237615. 7
3 4498 G 4 282. 3
woow | | o) s wed | eon w0 | g oaemy ) o
40w (18 4d° D 2R 3 4 2
RS IR S B Rl b ] gy
‘spD°? 1
wie e ey | | RS
4d%(18) Ge G 8 0% 174138 8 44 5s(3D)5p 5p't 3P°? oK
IX | 268718.6
44u(8)6p o6p 'P° W Wesos | mmee
4 Fe s 8 Limit |(..._..
v | T | s | s s
4d»(18)6d 6d D 1 234795. 7
8 2;2 735127, 7 3320
July 1955,
) ® ) ® ® ° °

¢ ofs ﬂ
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Sav
(Pd 1 sequence; 46 electrons) Zw=350
Ground state 1s® 3s* 3p® 3v* 3p* 3d™ 44* 49" 44" 1§,
44 1S, 583000 K 1. P. 72.3 volis
The analysis is by Shenstone, who has revised and extended the earlier work by Gibbs
and White, and others. The new observations extend from 824A to 1535A and include 58
Shenstone has determined the limit from the ns-series by means of a Ritz formula with
an assumed value of a=0.312X10*.
Observed intersystem combinations connect the singlet and triplet systems of terms.
REFERENCES
R. C. Gibbe and H. E. White, Proc. Nat. Aoad. S¢i. 14, 348, 550 (1929). (T) (C L)
A. G. Shenstone, unpublished material (June 1955). (I P) (T) (C L)
Sav Sav
Config. Dealg. J Level Intecval Config. Desig. J Level Interval
v 4d18 ° 0.0 400D)5p op P | 8 279844, 7
4d°(CD)5s S« D 3 182578 8 44°¢D, ° 28; A
1 191202 0 44*(D)3d 1 20r 3 | 874811. 6?
44°(*'D)Be B¢ D 3 193220. 8 44*(*D)5d 2 1 or2 | 879050. 0?
44*(0D 5p P* 2 259379. 1
¢D)sp P 1 | se7e98.0 | —30R9 4RO “® 3 | T e
0 1 380285. 0 - '
4(D)Sp 5p P 4 288731. 1 6414, 7 4P(D)5d 3 | 3or4 | 381226.3
3 %164 | 10186
2 £278386. 0 44°(CD)5d 4 3or4 | 386584.7
4A4*(*D)5; Sp SD* 3 874376. 8 4d°(D)6e 6 D 2 300233, 47
CD}sp ? 3 | ssso0s.o 8 D l
1 2811680.1 | T R B e e
44(D)8p 5p 1P* 1 £76589. 4 8n v1('Dyy) Limit |....__._. 583000
July 1985.
or -+ - ‘ o
L ] L L L ® ® ® ®
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Sawn
(Rht sequence; 45 electrons) Z=50
Ground state 1s* 2¢* 2p° 3¢ 3p* 3d™ 44* 4p* 4d° 'Dy,
48° Dy K 1.P volts
The spectrum is very incompletely analyzed. The listed terms are from Green, who has
classified 38 lines between 289.21 A and 326.43 A, from a study of the isoelectronic sequence.
Obseerved combinations connect the doublet and quartet systems of terms. No series have
been found in Snvi. The spectrum should be reobserved.
REFERENCE
M. Green, Phys. Rev. 88, 117 (1941). (T) (C L)
Savi Savi
|
Config, Desig. J Level Interval Config. Desig. J Level Interval
> 4® D 3 0 44°0D)5 5p’’ 'F* | 2 3313560
1 sns| 8N DS P 0| e 112
4405 G | s 44'¢D)5, 5p”’ P* | O 183
oF)sp 5 gg (D)5p P 1% g‘w 165
3 315000 44'0D)5p 59" D° | 3 335638 |  _goq
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Su xXU1
(Cu 1 sequence; 29 electrons) Z=50
Ground state 12" 2¢* 2p* 30 3p* 3d™ 44 %Sy,
48 8 K L P volts

This spectrum has not been anslysed, but Edlén has observed the leading doublets from

the 4¢-8p and 4p-8d configurations from Pd xvint to In xx1. In figure 3 of his paper on the
spectra of highly-ionised atoms, the lines are indicated on the photograph of vacuum-spark
spectra of these elements from 40 A to 80 A. He states that the doublets have been traced
in this sequence, as far as Sb xxm.

By analogy with Cur the writer bas assumed the ground state indicated above.

REFERENCE
B. Edlén, Physica 18, No. 9, 549 (1047).
Mareh 1953,

Sa xx1IV

(Co 1 sequence; 27 electrons) Z=50
Ground state 16 25* 2p* 3s* 3p® 3d° Dy
3d* Dy K 1.P. volts

This spectrum has not been analyzed, but Edlén has observed two lines due to the transi-
tion 3p* 3d* *D-3p* 3d" 'P°, in the region between 40 A and 80 A. In figure 4 of his paper on
the spectra of highly-ionized atoms, the observed wave numbers are plotted against atomic
number for this combination in the Co 1-like apectra Pd xx to Sn xxiv. For Sn xx1v the
wave numbers are between 1800000 K and 2100000 K.

REFERENCE

B. Edln, Physioa 13, No. 9, 548 (1947).
March 1953.
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ANTIMONY

51 electrons Z=51
Ground state 1s* 2* 2p* 3¢° 3p* 34" 4s? 4p® 4d™ 5¢* 5p* 'S0
5p* S 697090 K I. P. 8.639 volts

The analysis is by Meggers and Humphreys, whose line list extends from 1388.91 A to
12468.75 A. They observed the region from 2000 A to 13000 A. For the short-wave region,
1300 A to 2000 A, Shenstone made the spectrograms at Princeton. Of the 466 Sb1 lines
recorded, seventy-four percent have been classified. The observed g-values are from Zeeman
patterns observed by Lowenthal in 1829. The paper by Meggers and Humphreys includes
an extensive history and bibliography covering the earlier work on Sb1.

Obeerved intersystem combinations connect the doublet and quariet systems of terms.
“Since it is not possible to assign definite L-values” to all of the levels, many have been num-
bered and listed as miscellaneous. The numbers sssigned by the authors are entered in column
ons of the table.

The limit is from the ns ‘P(n==6-9) and ns *P(n==86, 7) series, and has been derived by
s Rits formula.

REFERENCES

W. F. Moeggers and C. J. Humphreys, J. Research Nat. Bur, 8td. 38, 463, RP 1464 (1942). (I P) (T) (CL)
(Z B)

P. F. A. Klinkenberg, Rev. Mod. Phys. 84, No. 2, 68 (1952). (Summary hfs)

H. E. Walchli, A Tabls of Nucloar Moment Data, Oak Ridge Nat. Lab., ORNL-1469, SBuppl. II, 20 (1985).
{Bummary hfs)
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(Sn 1 sequence; 50 electrons) Z=51 o
Ground state 1s° 20° 2p° 34* 3p° 3d™ 4¢* 4p° 44" 54 5p* P, O

59" 'P, 133337. 8 K L. P. 16.5 volta

This spectrum should be obeerved over the entire range. A complete analysis based on
homogenecous observations ia needed. The leading multiplets have been found by Lang and
Vestine. Two other papers on analysis, one by Krishnamurty, and one by Murakawa and
Suws extend the work, but the three term lists are discordant, and it is difficult to interpret
existing-data in such & way as to provide a satisfactory array of energy levels. The writer
has prepared a line list from the wavelengths published by Lang and Vestine (691 A to 7343 A),
and unpublished measurements by W. F. Meggers (1272 A to 8742 A). From this list she
has made a multiplet array of all published levels, and revised all level values, but the lists
are not in good agreement and the tolerance between observed and calculsted wave numbers
is inexcusably large.

With intensities and intervals as a guide, she has attempted to reallocate the levels whose
published designations appear subject to question, into a term array that compares not too
unfavorably with that of Sn 1 and with the second spectrs of nitrogen, phosphorus, and arsenic.

Approximately 220 lines are classified. Eleven levels have been rejected as unreal; two
odd levels 68410.2 (J=1 or 2), and 70160.9 (J=1 or 2) have also been omitted from the
table, but may be real. It should be emphasised that most of the designation assignments
of the higher levels are extremely tentstive and require confirmation; in fact, some of the
levels listed may be spurious.

Yamanouchi has made a theoretical study of 10 levels of Sb 11 from the list by Murakaws ®
and Suws. Eight are unchanged in the present list, but for two, namely, the level at 90353.8 K
published as P, and one at 86051.9 K as 'P,, the writer has changed the respective designa-
tions to 7p ’D; and 6p *P,. These changes are admittedly tentative.

Lang adopts the limit 150000 K derived from two singlet series of two members each,
6¢ 'P°—np 'D and 6s 'P°—np 'S (n=>5, 6). This limit gives an ionizsation potential of 19 volts.
The extrapolated value by Finkelnburg derived from a study of screening constants, 16.7 +0.5,
is probably more relisble. The limit quoted above is from the paper by Murakawa and Suwa.

REFERENCES

R. J. Lang and E. H. Vestine, Phys. Rev. 43, 333 (1932). (IP)(T)(CL)
S.Gmw,lndhnl Phys. 10, 83 (1936). (T) (C L

K. Murakawa and Rmhlut.ﬂd.'l‘ed:. 'rokyoUniv 1,131 (1947). AP (M (CL)
Y.YMMM“. Tokyo Univ. 3, 96 (1948). (T)

W. Finkeloburg and F. Stern, Phys. Rev. 77, 308 (1950). (I P)
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(In 1 sequence; 40 electrons) Z=51
Ground state 16°3s° 39° 30° 3p° 34" 4¢* 4p* 44" 8 5p Py
5p Py 304348 K I. P. 25.3 volta

In 1930 Lang published a list of empirical term values of 8b 111, based on an abeolute
value of 47 *F°=084000 K, arbitrarily chosen by comparison with the run of the terms in the
In1 and So i speetra. In 1932 he and Vestine investigated the Sb i1 apectrum and in the
course of the work re-examined the Sb in lines. As a result they rejected 5 of the previously
published Sb 111 terma.

In 1947 Murskaws and Suwa revised and extended the earlier analysis, from obeerva-
tions made with a condensed hollow-cathode discharge in & neon atmosphere, as the source.
They retained two levels rejected by Lang and Vestine, namaly, the ‘P levels 54365 K and
57960 K. Nine terms are common to the two lists; and the two levels 92948 K and 93417 K
appear with different designstion assignments. The limit and tabular dats quoted here are
from this later paper.

There are 49 classified lines between 601 A and 6026 A. The spectrum needs further

study.
REFERENCES
R. J. Lang, Phys. Rev. 35, 448, 1930. (I P) (T) (C L)
R. J. Lang and E. H. Vestine, Phys. Rev. 43, 241 (1933). (T)
J. 8. Badami, Nature 136, 836 (1935). (hfs)
K. Murakaws and 8. Suwa, Reports Inst. 8ci. Tech. Tokyo Univ. 1, 131 (1947). (I P) (T) (C L)
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(O«it ssquence; 48 electrons) Z=B1

Ground state 14°2+* 3p* 32* 3p* 3d" 44 4p* 44" 54* 1S,

&
|
¢ ofe @

84 18, 356158 K L P. 44.1 volta

The analysis is serioualy incomplete and needs revision from more precise wavelengths.
The terms in the table are from Badami, who extended the ultraviolet work by Gibbe and
Vieweg and by Green and Lang. He suggested that the configurations of the two low 'D
terms as given below be interchanged. This has not been done since 5p*'D is lower than
5s(S)5d 'D in related spectra of the sequence. His complete array of combinations
contains & total of 74 classified lines between 456 A and 3922 A,

Obeerved intersystem combinations connect the singlet and triplet systems of terms.

The limit is from Gibbs and Vieweg, who report some second series members and list
abeolute term values that fit an extrapolation along the iscelectronic sequence.

REFERENCES
J. B. Green and R. J. Lang, Pros. Nat. Acad. B¢i. 14, 706 (1928). (C L)
R. C. Gibbs and A. M. Vieweg, Phys. Rev. 34, 400 (1929). (I P) (T) (C L)
J. 8. Badgmi, Proc. Phys. Soc. London 48, 538 (1931). (I P) (T) (C L)
J. E. Mack, Rev. Mod. Phys. 33, No. 1, 64 (1950). (Summary hfs)
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*For predicted terms in the spectra of the Cd 1 iscelectronic sequence, see Vol. 1, Introduction.

(Ag 1 sequence; 47 electrons) Z=51
Ground state 1s* 2¢° 2p° 3¢” 3p* 3d™ 4¢* 49° 4d™ 5a 28y
8678y 449300 K L P. 56 volts

This spectrum is very incompletely known. The analysis is from Badami, who has
revised the early work of Lang on the basis of observations by Gibbs, Vieweg, and Gartlein,
added 6p "P°, and rejected Lang’s 5f 'F° term. There are 12 classified lines in the range
699.22 A to 3362.94 A.

The limit is from Lang, who derived absolute term values “by treating the f-orbits as
hydrogenic — and obtaining thus an estimate of the F term value.” His terms fit & Moseley
disgram of the isoelectronic sequence Ag 1 to Sbv. This limit may be considerably in error.
Further obeervations are needed to extend the series.

REFERENCES

R. J. Lang, Proo. Nat. Acad. Sci. 13, 341 (1927). (IP) (D (CL)

R. C. Gibbs, A. M. Vieweg, and C. W. Gartlein, Phys. Rev. 34, 406 (1929).

J. 8 Proo. Phys. Boo. (London) 48, 541 (1931). (T) (CL)

Shv Shv
Conflg. Desig. J Level Interval Config. Desig J Level Interval
44%(18) B S 98 0% ] 4d1%(2S)Ge Gs 18 0% 224653
44%(18) pe 81668 44 1pe 0! 25
o » &‘ sosss | 8987 g o 1’5: $5isry |
w(’m“ u 'D ;g ”‘m l"ﬂ -------------------------------------------------
8b v1(18y) Limit |....... 449300
Mareh 1953.
° ® ° ° ° ° °

c ofe @




This spectrum has not been analyzed, but Edlén has observed the leading doublets from
the 4s-5p and 4p-5d configurations from Pd xvm to In xx1. Infigure 3 of his paper on the
spectra of highly-ionized atoms, the lines are indicated on the photograph of vacuum-spark
spectra of these elements from 40 A to 80 A. He states that the doublets have been traced
in this sequence as far as Sb xxmnr.

By analogy with Cu1 the writer has assumed the ground state indicated above.

REFERENCE
B. Edlén, Physiea 13, No. 9, 548 (1947).
Mareh 1953
@ o o ® ® @
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shwn
(Pd 1 sequencs; 48 elsctrons) Z=5)
Ground state 15" 3s° 2p° 3¢* 3p° 3d™ 44” 4p” 44V 1§,
44" 6, M5l K 1. P. 108 volts
Schoepfle clamsified 31 lines in the interval 883.45 A to 1331.59 A, but did not observe
the resonance lines. The lines were clamified from a study of a Moseley diagram of the
sequence. Later, Kruger and Shoupp reported three lines in the region between 279 A and
201A as combinations from the ground term, and revised Schoepfle’s value of 5p 'P*. They
give the limit quoted above and have also based their work on a study of a Moseley disgram.
The quoted ionization potential may be in error by several volts. The tabular entries are
from the earlier paper supplemented by these later additions and corrections. The writer
has rounded off the values, and entered the J-value of the parent term by analogy with Pd 1.
The singlet and triplet systems of terms are connected by observed intersystem combina-
The lovel values of these terms published by L. and E. Bloch in 1937 derived from their
own measurements differ considerably from those in the table, but there is agreement on the
resonance lines at 284 A and 279 A representing combinations of the ground term with 5p 'P}
and 5p DY, respectively.
REFERENCES
Q. K. 8Bchoeplie, Phys. Rov. 43, 742 (1933). (I P) (T) (CL)
P. Q. Kruger and W. E. Shoupp, Phys. Rev. 68, 124 (1934). (I P (T) (C L)
L. Bloch et E. Bloch, J. Phys. Rad. [7} 8, 224 (1937). (T) (CL)
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March 1953.
Sbh xxm
(Cu 1 sequence; 29 electrons) Z=51
Ground state 1¢* 25 2p® 3s* 3p® 3d** 49 %5y
48 S K ILP volta
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TELLURIUM
Tel

52 electrons Z=52
Ground state 1s* 2s* 2p* 3s* 3p* 34 4¢* 4p* 44" 5¢° 5p* *P,
5p* P, 72667 K 1. P. 9.01 volts

The analysis is from Ruedy, who has classified 62 lines between 5083.0A and 11084.5A
from observations he made by using an electrodeless discharge tube as the source, thus revising
and extending the early work by McLennan and others.

The writer has tentatively assigned J-values to the members of the 7p *P term on the basis
of the intensities of the combination with 6s;. The *D° terms are listed in the table as
unresolved, although the suthor assigns J=2 to the observed levels of this series.

In 1929, McLennan and Crawford predicted the poeitions of the two terms 5p*'D, and
5p* 'Sy by extrapolation from the first spectra of the oxygen group. Theee “forbidden’ transi-
tions have since been confirmed by laboratory observations, and are described irr detail in the
1938 reference bolow. They are attributed to magnetic dipole and electric quadrupole radis-
tion. The predicted positions of these terms are quoted in the table.

Bartelt revised and cxtended Rucdy’s analysis in 1934, on the basis of observations by
McLennan and his associates, and listed 42 classified lines between 1645A and 3175.15A.
Further confirmation of his results based on more precise observations is needed.

Ruedy has derived the limit from the 6p *P,—ns *S; scries (n=9, 10, 11), by means of &
Hicks formula.

The Zeeman effect in the spectra of tellurium is being investigated by Vander Sluis and
Griffin at the Oak Ridge National Laboratory. Their extension of the Te1r analysis is in
progress but will not be completed in time for inclusion here. This spectrum is in serious need
of further study, particularly in the short wave region.

REFERENCES
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P. M. Griffin, letter (January 1957).
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] 54201 336
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January 19587,
Te1 Osszavio Taaus* ‘
Con n
12 3‘5"‘%';- Observed Terms
3pd 3 gt
4d 58
P
5p { 5pt 18 bt 5p*'D
ns (n2>6) np (n206) nd (n2>5)
8to11s '8° 7p P 7 to 114 *D*®
esma  ({ $8%IGE 8§75 | 6t 134D
sPor predicted terms in the spectrs of the Tet iscelectronic sequence, see Vol. mt,
Introduction.
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(Sb 1 sequence; 51 electrons) Z=52
Ground state 1¢* 2s* 2p* 3s? 3p* 3d% 45" 4p® 4d™ 56 5p* ‘S|,
5p* 'S5, 15000013000 K ‘ 1. P. 18.640.4 volts

The analysis is by Handrup and Mack, who have revised and extended the earlier work on
this spectrum especially for inclusion here. Their investigation is still in progress. It has been
carried to its present state only with the aid of the excellent Zeeman effect data furnished by
Vander Sluis and Griffin of the Oak Ridge National Laboratory, and of ultraviolet line measure-
ments from plates made by S. Avellén of Lund University. The g-values quoted here supple-
ment and partly supersede those published in the 1851 reference.

There are 29 odd and 38 even levels listed in the table, of which 4, listed with question
marks, need further confirmation. All odd levels are in italics. The observations extend
from 157 A to 8972 A, and about 300 lines have been classified.

The zeros after the decimal point in the level 71193.00 have been arbitrarily adopted by
the authors because of the inaccurscy of the far ultraviolet wave numbers on which the com-
binations from the ground term are based.

The configurations 5¢ 5p* and 5s* 5p*CP 'D 'S)6p are almost completely known. The
authors point out, however, that on account of the effects of configuration-interaction and
intermediate coupling, in wnany cases the assignment of configurations and LS-designations
has little meaning. For example, at least the two levels 76301 and 78448 contribute to 5p* ‘Py.
The limit terms 3P, 'D, 'S are, also, not indicated in the table for most levels of the 5¢* 5p* nz
configurations; and a number of configurations are listed for groups of levels. Ross and
Murakawa have suggested some approximate quantum number assignments.

No series have been found in Te 11, but from the spacing of successive groups of levels
Handrup and Mack estimate the series limit quoted above. Their ionization potential agrees
wall with the value 18.8+0.5 volts interpolated by Finkelnburg and Humbach from a study of
scresning constants.

REFERENCES

J. & Mack, K. Murakaws, J. S. Ross, F. A, Pick, and J. C. van den Bosch, Phys. Rev. 83, 654 (L) (1951).
{1} t« E) (bfs)
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1% 88961, 53 L7
w | o102 22 13 S 5p Ta } 2% | 121064. 23
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Tem
(Ba 1 sequence; 50 clectrons) Z=53
Ground state 15* 2¢* 3p° 3¢* 3p* 3d™ 4s* 4p° 44" 8¢® 5p* 'P,
5p* P, 47000 K 1. P. 31 volts
This spectrum is in serious need of further study. Krishnamurty and Rao have classified
approximately 200 lines between 612 A and 6977 A. R. J. Laog furnished them with an
unpublished list of lines in the region between 600 A and 2000 A, to supplement their
observations.
The limit is derived from the two-member series np ’P, namely, 6¢ *P;—6p*'P, and
6s *P;—6p *P;, and “a very large error is possible when the limit is obtained solely from the
above series in which the first member lies in the extreme ultra-violet.” A rounded-off value
is quoted in the table.
Observed intersystem combinations connect the singlet and triplet systems of terms.
The observed g-values in the table are from the paper by Green and Loring.
The writer has revised seversl of the published term designations to conform more nearly
to the related spectra Sn 1 and Sb 11, and to give better agreement with the observed g-values.
Some J-values of the limit term have been added in column one of the table, and more levels
are entered as miscellaneous than in the published papers. The more dubious levels have
been omitted here pending confirmation. The tabular data are tentative, but should serve
a8 & guide in the search for more regularities.
REFERENCES
8. G. Krishnamurty, Proo. Roy. Soc. London {A) 181, 178 (1985). (I P) (T) (C L)
8. G. Krishnamurty and K. R. Rao, Proc. Roy. Boc. London {A)] 188, 562 (1937). (T) (C L)
J. B. Green and R. A. Loring, Phys. Rev. 89, 82 (1953). (Z E)
Te m Te m
Config. Desig. J Level | Interval | Obe. g Config. Desig. J Level | Interval | Obe. ¢
59 5p* PP | 0 0 | 5¢ 5pCP°)5d o | 2 | 104708.8
1 4751 | 340y
2 8165 o SF° 3 | 108305.8 L07
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Oonflg. Deslg. J Level | Interval |{Obe. ¢ Config. Desig. J Lovel | Interval [Obe. g ,
8¢ SpCPyY8d | 84 'D* 2 |imress 8¢ 5pCPy)8d | 6d 'F° 2 | 160797.8 | o0,
4 3 |163736. 4 | 217 3y
8¢ Sp("P15d 8 P 1 | 197188 8 82 5p(Pyotd 4 | 168543 77 .
8¢ SpCPuosd 8d P 8 |187841.8 8¢ 3p(°Pag6d 6d 'D° % ;g.:# g 3386, 5 @
SA8pCPRO6p | 6pD | 1 |128617.9 4o .| 068 3 | 1710619 | 4480.6
“ 2 1338201 a0 116 || 50 spoPyo6d
8 SpCPugty 3 | 130940.7 138
58 5p0PLY6d | 6d 'F° 3 | 1680719
84 5pCPy6p | 6p 'P 1 138380. 7 1.02
S45p0Pu00p | 6p P | o0 | 1322024 S pCTROTe | Te UPC |0 | s g
” ? 1 j1mue7| SHS T 1 ad| s spoProTe 3 | 178410 | 7818
53¢ 5p(Prtp 3 | 130664 5 . 1L43
8¢ 5p(Pny)6: 6p %8 1| 141808.0 176 5 3p0FLO04 6 'D® 3| 1rises 4
5 sr('!’w: o’ 1D 2 | 1429820 L4 hord| 1788888
? P 58 5p0PpI6d | 6d 'P° 1 | 173869.8
8 5p0Tb08d | 64 1 ? 101199. 0 L 43 || 3¢ 5pOPLT 7s 1P° 1 | 1744975
" 3 | 1700188 | 8819.6 P ’ ' )
Te 1v(Phy) Limit |._. ... 247000
October 1053.
Te 1Iv
o
(In 1 sequence; 49 electrons) Z=52
Ground state 1s? 2s* 2p* 38? 3p? 34! 44* 4p* 44" 5s? 5p Poy
5p *P;,, 305091 K I. P. 38 volts

The analysis is from Rao, who has classified 27 lines between 749 A and 3585 A. An error
in the published value of 7s S is corrected here. His value of the limit is the mean derived
from a Rydberg formula for the S and *D series of two members each. From isoelectronic
sequence data he estimates that the error in the absolute term values “‘probably does not exceed
about 3000 cm~"’. Further study of the spectrum is needed.

The g-values are from the observed Zeeman pattern of the line 3585.27 A—the only Te1v
line observed by Green and Loring.

REFERENCES

K. R. Rao, Proc. Roy. Soc. London [A] 138, 220 (1931). (IP) () (CL)
J. B. Green and R. A. Loring, Phys. Rev. 90, 80 (1953). (Z E)
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Coaflg. Desig. J Lavel Interval Obs. ¢
854('8) pe 0
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e D 1 93773
e ‘g 2% 94811 2039
Ss Bp* S8 0% 100536
)
LA RS NN
D 1 127445.
sec8)s s 2 1aale g | T8
50(18)68s G 8 oK% 133486. 0 202
Sat pe 0! 161339 o
caer o 1 lessse.0 | 20106 %
862(18)7s 7 B 0% 205343 6
se(8)6d 6d D 1 0ULL | gy
Te v(i8y) Limit . ......... 305091
August 1953.
Tev
(Cd 1 sequence; 48 electrons) Z=52
Ground state 1s* 2s* 2p* 3s* 3p* 3d'° 4s* 4p* 44" 5s* 'S,
56 1S, 486244 K I. P. 60 volts

The spectrum is incompletely known, but Gibbs and Vieweg bave classified 23 lines between
603 A and 1549 A. Their absolute term values have been extrapolated on a Moseley diagram
of the isoelectronic sequence. Observed intersystem combinations connect the singlet and
triplet systems of terms.
L. and E. Bloch have observed five additional lines between 358 A and 402 A, from which
they derive the three following levels:
6p Py 274454
6p 'P} 278738
78 18, 334459
These levels require further confirmation.
From a study of screening constants Finkelnburg and Humbach have interpolated an
ionization potential of 66 volts.
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L. et E. Bloch, J. Phys. Rad. [7] 6, 441 (1935). (T) (C L)
W. Finkeinburg und W. Humbach, Naturwiss. 43, 35 (1955). (I P)
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Tev
Conflg. Denig. J Lovel Interval
[ " 5 8 1] 0
Se(B)0p & P 0 76100 2014
1 78083
3 85907 Ll
308)8p 5p 'P* 1 111707
s by P ] 176248 an
H 19682 | 0
5 59D 2 182797
8+08)34 &d 1 218613
' 3 216137 o
3 21
S+(*8)5d 84 D 2 221493
8s(*8)0e G B 1 240837
To vi(€eg Limit | .o s
August 1955,
Tevi
(Ag 1 sequence; 47 electrons) Z=52
Ground state 1s* 2¢* 2p° 34® 3p° 3d' 44* 4p* 44" 5¢ 8y
50 % S350 K I P. 72 volts
This spectrum is incompletely analyzsed. The terms are from K. R. Rao, who has classified
10 lines in the range between 540.24 A and 1313.80 A. The limit is 8 mean value of that given
by the ns *S series (n==5, 8) derived by a Rydberg formuls, and of the one given by an extrap-
olation along the isoelectronic sequence based on Moseley’s law. The writer has rounded off
the value of this mean. Further observations are needed to lengthen the series and correct
the present inaccuracy in the limit.
REFERENCE
K. R, Rao, Proc. Royal Soc. London [A] 133, 220 (1931). (A P) (T) (CL)
Tevi TevVi
Config. Desig. J Level Interval Config. Desig. J Level Interval
4d» (18 P°
weon | wr | o | o || | g o
(8)5p bp % | o | mew ||
4d2(8)8d 5d1D ;;‘s gggzsg 1844 Te vitiSy) Limit |.____._ 583500
44(18)6s Qs 28 278439
Mareh 1953,
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Towm
(Pd 1 sequence; 48 electrons) Z=53
Ground state 1¢* 2¢* 29" 3¢* 3p* 3d™ 40® 4p* 4d¥ '8,
44 ', 1106360 K 1. P. 137 volts

In 1933 Schoepfle classified 24 lines between 784.09 A and 1123.36 A, but did not observe
the resonance lines. The following year Kruger and Shoupp reported three lines in the region
from 227 A to 238 A as combinations from the ground term, and revised the earlier valus of
8p'P,. Their limit, quoted above, and all the terms are based on & study of s
Moseley diagram for the isoelectronic sequence. The quoted ionization potential may be in
error by several volts. The terms in the table are from the 1933 paper supplemented by these
later additions and corrections. The writer has rounded off the values, and assigned the
J-value of the parent term by analogy with Pd 1.

The singlet and triplet systems of terms are connected by observed intersystem ocom-
binations.

The level values of these same terms published by L. and E. Bloch in 1937 as prepared
from their own measurements differ considersbly from those adopted here, but there is agree-
ment on the two resonance lines at 232 A and 227 A representing combinations from the ground
term to 5p 'P° and 5p *D{, respectively.

REFERENCES
G. K. 8choepfie, Phys. Rev. 48, 742 (1988). (IP) (Y (CL)
P. G. Kruger and W. E. Shoupp, Phys. Rev. 46, 12¢ (1884). (X P) (T) (CL)
L. Bloch et E. Bloch, J. Phys. Rad. (7] 8, 224 (1837). (TY (CL)
Te v Te v
Coufig. Desig. J Level Interval Confg. Desig. J Lovel Interval
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11

53 electrons Z=53
Ground state 1s* 2¢* 2p° 3¢* 3p* 34™ 44* 4p* 4d™ 5¢° 5p* P
5p* P9, 84340 K I. P. 10.45¢ volts

The analynis is by Kiess and Corliss, who have reobserved the spectrum, revised, and
extended the earlier work especially for inclusion here. The new observations extend from
1200 A to 23000 A. The Vacuum Spectrograph of the Bureau was used for the short-wave
region. For wavelengths longer than 12000 A observations were made by Plyler and by
Humphreys, who used PbS detectors with an electrodeless discharge as source.

From 2000 A to 13000 A the lines were measured relative to the International Secondary
Standards of Iron. Precise energy-level values were derived by means of the 400 lines classified
in this range. The values were then used to calculate wavelengths suitable as standards in the
regions shorter than 2000 A and longer than 12000 A, i. e., to correct the wavelength scales at
the extreme ends of the observed range. The final line list thus has internally consistent
standards over the entire range. The total number of classified lines is approximately 625.
Observed intersystem combinations connect the systems of terms having different multiplicities.

The observed g-values are from Zeeman spectrograms taken in a magnetic field of about
36000 oersteds, with the Weiss magnet of the National Bureau of Standards.

The limit is excellently determined by means of a Ritz formula, from three series:
ns ‘Py(n=06 to 11), np ‘P (n=6 to 9), and nd ‘Fyin=>5 to 9).
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8¢ 50D/ ¥ 2 |34 | a1%07.38 8¢ 5pt( Inp np 7° | 1% | 82615. 84
& 3° [ 1% j81816.76 ) 0 | N e demcmeet e
& 4° | 3% | 81819.30 I uQPy Limit |..... 84340
October 1957.
131 OsamnvEp TrRMs*
Co! tion
18 20¢ 2p* 30 3p* Obeerved Terms
WUE;' et
B¢ 5p* 5ps 1P
e 5p* 5p*i8
ns(n>6) np (n>6) nd (n>5)
6to 11s ‘P §° Gto 6 to 10p ‘D°
56 5p0P)ns { $lo1la ¥ 0:‘3;’86 cwg;;lg: 8t g:m 6,7dP 5t08d¢D 5to9d'F
5¢ 5p'('D)ns’ 6s' D 6p’ 1P°
5¢ 5p'(18)nz’’ 6s’’ 98

*For predicted terms in the spectra of the I 1 isoelectronic sequence, see Vol. 11, Introduction.
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In
(Te 1 sequence; 52 elsctrons) Z=53
Ground state 14 2¢* 2p° 34* 3p® 3d™ 44* 4p* 4d™ 5¢* 5p* *P,
5p''P, 154058 K I. P. 19.09 voita
The analysis is chiefly by Lacroute who reported in 1935 that more than 1200 lines were
known. He published Zeeman data for many lines and observed several series. He utilized
the measurements of L. Bloch and E. Bloch in the region from about 2200 A to 798 A.
Murskawa in atudying the hyperfine structure of I 11 also reported regularities in the
spectrum, and in 1938 revised the series and extended the analysis. Lacroute carried the work
further and published in 1939 the term list that has been used for the analysis reported here.
Ten levels have been omitted as extremely dubious.
A new description of I 11 is in course of preparation by Kiess, Corliss, and Martin st the
National Bureau of Standards. The available observations extend from 2023.100 A to 8046.27 A
and include Zeeman spectrograms taken with metal halide lamps as the source. The writer has
revised the known term values from these new measurements by starting with 6p *P, equal to
100410.00K. These values are given to two decimal places in the table. A complete new
description of I 11 in the region short of 2000 A is in progress at the Buresu. Several excellent
spectrograms extending from 800 A to 2500 A have just been obtained. With these observa-
tions, additions and corrections to the tabular data will be made.
There are approximately 500 classified lines. Observed intersystem combinations connect
the systems of terms of different multiplicities.
Martin has added some new levels, extended the known series, and derived the limit quoted
above, from the ns **E° series (n=6 to 9), by means of an extended Ritz formula.
Most of the observed g-values in the table given to two decimal places are from Lacroute.
All three-place entries are new values derived from the Bureau Zeeman data.
REFERENCES
P. Lacroute, Ann. de Phys. (11) 8, 5 (1935). (I P) (T) (CL) (Z E)
K. Murakaws, Zeit. Phys. 169, 162 (1938). (I P) (T) (C L) (hfs)
P. Lacroute, Ann. d’Astroph. 3, 318 (1939). (I P) (T) (C L) (Z E)
C. C. Kiess, C. H. Corliss, and W. C. Martin, unpublished material (December 1957). (IP)(T)(C L) (Z E)
In In
Config. Desig. J Level Interval | Obe. ¢ Config. Desig. J Level Interval | Obs. ¢
5o 5pp 5pt P 2 0 — 7000 58 5p2(0D°)6s 6s’ D° 1 92140. 04 1558, 74 0. 685
1 7090 2 | 9369878 1.16
0 6451 639 3 | 96658 04 | 295926 1 34
50 5pt 5p¢ 1D 2 13731 5¢ 5pb S5pp 1P | 1 95963 81 1.05
5% 5pt 5pt 18 0 32629 52 5p2(D°) 54 5d’ 3D° 1
2 | 97080.73 | gge0 74| 1.28
5¢t 5p8(4S°)6s 6s 8° 2 81040. 12 1. 86 3 99950. 49 ‘
58 5pb 590 WP° | 2 | 81916.20 | o014 40| 1.54 || 505p0D°)6s | 64 D° | 2 | 97708 27 0. 996
1 84229.62 | 161 o5 | 1530
0 | 85391 60 . 0/0 58t 5p3(2D°)5d | 54’ SF° | 2
3 | 98183.18 | 190 7g| 1.247
5e* 5p2(48°)6e Gs 18° 1 84850. 89 1. 753 4 99384. 96 g
58 5p8(8°)5d | 54 SD° | 4 | 86043 68 1.480 || 58 5p2(*8°)6 6p P 1 99226, 99 2. 309
P 5 | Beoss 308271 1457 PUS6p | O 2 | o33 53| (MOT.541 1714
2 | 8617828 | oo io| 1.434 3 | 100410. 00 1. 622
1 87741. 47 | “p70. 93 | 1,472
0 | 90412 40 - 0/0 58 5pP(D°)5d | b6d' 1G° | 4 | 101165. 25
585p3('8°)5d | 54 D° | 3 | 93018 39 1.35 i 50 5p%('8°)6 6p P 2 | 102620. 89 1. 501
505 2 | oo605.76 | 25%7.83 | 1 138 PSP | O 1 | 10165150 [ _ 99930 [ 1 520
1 94832. 75 0. 653 0 | 103011. 47 - 0/0
o L J ® ® ® L o
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1 5—Centinged I B—Centinued
Coafig. Deig. | 7 Level | Interval | Oba. ¢ Config. Desig | J Level | Interval | Obs. ¢
3 3PEP6 | G 0P (l) 108071 50 5 5p'CP%)6p | Gp’ 8 | 1 | 128570. 61 L7
3 | 107519.18 | 1448 B 5pcPep | 637 y | 1 | 129780 20
50 5P0P"6e | G P | 1 | 107688 58 50 5p*("'D*)6d ] { | 1 | 130622 08
or
8 5peDs | 88 P | O 50 5p'0D*)7e 1° | 2 | 130084 08
2 | 108544 96 L45 || S 5pCPIep | 6P | O
S 3p0P"3d | 8¢ R* | 1 | 100908 72 2 | 131452 %0 1.6
550D | 6 'P | 1 | 11001415 0.015 | 50 5p2(8%)8s | 8s 8° | 3 | 139544 61
SASPOPISd | B Y* | 2 | 110406 48 1.36 || 845p28%)8s | 8¢ 38° | 1 | 183304 47
S45p0D"8p | 6p' OF | 3 | 11130550 | 5000 70 | 0.915 o | 3 | 138657.94 1.2
1 || sa1o] 3T se 5*0D%)6d b | 3 | 13396293 L16
50 5p'(0D°)7s @ | 3 | 134081.30 081
50 550D ' D | 3 | 112426 46 113
eI | o 7 | naiss ot _ a0 Ll & | 2 | 134044 52 103
) 58 5p2(D"6d | 64’ 18° | 0 | 184843 87 o/0
S#59°CD%)6p | 6p' 'F | 3 | 11416465 1.13
5 5p}(8°)7d | 7d sD° | 4 | 134509.75 50, 66
50 5p'0P°)5d | 84" 0° | 3 | 114490.00 3 | 1siks0.00
5¢ 5p'(D°) ¢ P | 0 | 114643 21 0/0 1 | 134564 39
5PeD9%ee | o 1 | 116002 24 | 4293 ) 139 0
2 | 115715 90 1. 425
50 5p%0D°)6d | 64’ D° | 1
50 5p°0P°)5d | 84" 2° | 3 | 117948.70 1. 38? 3| 134007.88 | g3 75
S45p9(8%)7s | 76 8° | 3 | 118614 91 1. 894 '
, 58 5p80DY)7p | 79 P | 1 | 13535002
52 590D%6p | 6p’ 'D | 2 | 11909024 L1
54 5p0D°)7p | 7' F | 3 | 13560017 [ oo o
585087 | 70 %° | 1 | 119890 14 3 | 139008 67| o) 5
50 5p°CP*)5d | 8dp° | 0 '
1 | 181088, 11 L443 || 5e5peD7p | 79 D | 3 | 13610420 | _4)) 00
2 2| 13841592 | 458 52
50 5p30P°)5d | 5473D° | 3 | 121208 92 1.17 ’
AR 3 | 186146, 151 —4843.23 | 18 || 50 5p20D°) 7p} { 1 | 136534. 34
ar
50 5p33D°)5f 3 | 136708. 04
S 5P(876d | 84 *D° | O | 121709.05 | ) oc | 00
1 | 182250.90 | _ 22023 | 1468 e | 4 |136740.88 1.21
2 | 181886.00 | —430-23 | 1453 | 50 5pD°)6d
3 |1s1786.70 | ~40 3% | 142 or | 8 | 13761284 124
4 | 181838 41 . 1.45 || 50 5p0D°)7s
g° | 2 | 138323.94 1.27
8e25p*(P°)5d | 84 U® | 3 | 108587. 98 T ——
swspesst | o B | 5 [1mmanes| g 137081,
; }3:‘7“1'; ;3 —28 01 8¢t 5p3(0D°)6d | 64’ SP° (l) 138871. 8¢ 0/0
3 | 1470050 | ~7129 2
1 | 124849 26
S5 (8T | TP P | 1 124968.36 | 139 43 5# 5p°0D)7p | 79’ 'F | 3 | 130225.07
3 | 130T 30915 50 w(g)")sd} { A | 2 | 19669. 17 1.00
Sesph(80)Y | & P | 2 | 135239.61 476 | 088 [ 8¢ 5PCD)Te © | 2 | 139641 5¢ 1.04
4 |13sasa 8| 30U SSpeDYTR | TP | 3 IBMIANT | g5 g
5 5p%(8%6d | 6d D* | 3 | 12529668 1.28 o
ud 2 |1sse5g 88| _A2% ) 1 oss
. 1 | 125846, 42 . 0674 || 5225p2(B%)9s | 9s 8° | 3 | 139065. 27
A 5POP)8p | 69D | 1 6o 5pi(8°)0e | 9s '8° | 1 | 140133 06
2 | 125532 05 0.83
3 [ 12043875 | 3906.70| ; 33 2 | 140108, 75
S 5PeDTe | 70 D0 | 1 | 1e7aer 080 [ oo
3 Im(Sy) | Limit | ... 154050
December 1957,
° L o ° ° ° ° °
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{Sn 1 sequence; 30 electrons) Z=53
Ground state 14° 2¢* 2p* 34 3p* 34" 42 4p* 4d® 5¢* 5p* 'P,
5p* P, X LP volts

This spectrum has not been adequately investigated. Krishnamurty has reported 68
lines between 2234.43 A and 3546.90 A, half of which he has classified as combinations among
9 even levels and 10 odd levels. By a comparison of isoelectronic data he sssigns some term
designations and assumes an arbitrary absolute value of 192000.0 K for 8s°P;. Accurate
measurements in the short-wave region are needed to establish the ground term and extend
thestudy. Lacking these, the writer has made a crude extrapolation that places 82 *P; roughly
154000 K above the ground state sero. She estimates the value of the limit as approximately
345000 K, and the ionization potential as roughly 43 + volts. The error in all these estimates
is probably large.

REFERENCE
8. G. Krishnamurty, Proc. Phys. Bos. Loadon 48, 377 (1888). (T) (C L)
August 1953,
In
{Cd1 sequence; 48 electrons) Z=83

Ground state 1s® 2¢? 2p* 38 3p* 3d" 44* 49" 40" 5¢'8,
5s'S, K L. P. volts

Krishnamurty and Fernando have utilized measurements by L. and E. Bloch to work out
an array of 6 multiplets from 17 lines in the range 483 A 10 919 A. They suggest combinations
giving intervals for the 5p ’P° term that are not inconsistent with those extrapolated along
the eaquence. Confirmation is needed.

REFERENCE
8. G. Krishnamurty and 1. Fernando, Indisn J. Phys. 38, 173 (1049). (C L)
August 1953,
® ® o ® o L
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v
(Ag 1 ssquence; 47 elactrons) Zw=83
Ground state 16* 2¢* 2p* 3¢* 3p" ad™ 40° 4p® 4d™ 58 By
8 By K LP volta
Little is known about this spectrum. Five lines measured by L. Bloch, E. Bloch, and
N. Felici have been sttributed to I vit and clamified by Fernando. The terms have been
worked out by the writer from these lines.
REFERENCES
L. Bloch, E. Bloch, et N. Feliel, J. Phys. Rad. [7] 8, No. 9, 855 (1937).
1. Fernando, Current 8ci. 17, 302 (1948). (CL)
Im Iwn
Coufig. Denig. J Level Interval Conflg. Desig. J Level Interval
8 0 4d»(18)54 D 1 274020
il A EY I e e | -
14 | 119960 | 15000
March 1953,
Ivin
(Pd 1 sequence; 46 electrons) Z=53
Ground state 1s® 24® 2p* 347 3p* 3d¥ 44* 4p* 44" 'S,
44" 'S, 1370370 K 1. P. 170 volts
Kruger and Shoupp have classified three lines between 190 A and 196 A as combinations
with the ground term, and determined the limit from a study of the Moseley diagram of the
isoelectronic sequence. The writer has rounded off their term values, and assigned the J-value
of the parent term by analogy with Pd1. Two of the lines have been classified independ-
ently in the 1937 paper listed below. 'The quoted ionization potential may be in error by several
volts.
REFERENCES
P. G. Kruger and W. E. Shoupp, Phys. Rev. 46, 124 (1034). (I P) (T) (CL)
L. Bloch, E. Bloch et N. Felici, J. Phys. Rad. (7] 8, 362 (1937). {(CL)
1 v I1vin
Config. Desig. J Level Config. Deaig. J Level
4dv 4418 0 0 5p D° g
pe 44*(D, 585880
4d%(Dyg) 5p 5 (lz’ 508770 CDudbP !
4d°(Dy9) 5p 5p 1P° 1 515060 11x(Dyyy) Limit |.._...... [1370370)
March 1953.
® ° ° °® ° ® )
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XENON
Xeo1

54 electrons Z=54
Ground state 1¢* 25* 2p° 3s* 3p° 3d™ 44® 4" 44" 5¢* 5p° 'S,
8p* 1S, 978 L K 1. P. 12.127 voits

The observations of Xe1 extend from 926 A to 21048 A. Those in the infrared region
beyond the photographic limit are listed in the 1949 and 1952 references by Sittner and Peck,
and by Humphreys and Kostkowski, respectively. The ultraviolet observations have been
extended by Beutler to 926 A, 1. 6. beyond the limit, 1192 A, reached by Boyce.

The energy levels have been taken from an unpublished manuscript kindly furnished by
Edlén, who has made a critical study of the published papers on Xe1. Most of the levels are
listed in the extensive term array given by Humphreys and Meggers in 1933. Three-place
entries are from interferometric measurements. Predicted values, furnished by Edlén, are in
bracketa.

The observed g-values are from the 1941 paper, by Green, Hurlburt, and Bowman.
Pogény has also published a shorter list of g-values.

The limit given by Boyce, 97834.4 K, has been used for the present compilation. The
other levels are relative to the absolute value of 8s{1X];=230766.353, adopted by Humphreys
and Meggers.

White has discussed the effect of autoionization on the appearance of higher series members
having the limit *P,. Beutler has observed a number of these lines in absorption. The
levels ns’[0X]°, n=8 to 12 and nd’[1%]°, n=6 to 18, are from his paper. The separation of
the two limits *P{;— P} as observed by Edlén (1944) in Xe mx is 10637.01 K.

The Paschen notation is entered in the first column of the table. The letters X, Y, T, Z,
U, V, and W, adopted when configurations involving f-electrons were found, are also included
in this column.

As for the other inert gases, Edlén has suggested & pair-coupling notation to take into
account the departure from LS-coupling. By analogy with the other inert gas spectra, and
by taking into account the general run of the observed g-values, the writer has assigned the
following provisional LS-designations, although they have little, if any, significance in most
cases.

Paschen Desig Paschen Desig Paschen Desig
(n—5)as ns Py 3-7d, 5 9d:Py 38" 5d*Djy
(n~5)84 ns*Py 3-7d; 5~ 94'P1 1 5d1Dj
2 [N ns'Py 3-7d 5~ 9dPy 35" 5d3Dg
n-5)ey ns Pt 37 5~ 9d'F1 35 543Dy

8-11d3F}

24P -8 1ds’ 5~ 9d3F3 4+-6X 4-63D,
2-4py 6-8p3D, 3-7d; 5- 9d'F} 4-68Y 4-6f*D,
2-5py 6-9p3D, 3-7d, 5~ 9d'P? 48U 4-61%D,

6-8p3D, 4+8vV 4-6/iD,
2-5p 6-9p1D,
2-6ps 6-9p*P,

® { 4 L @ ® ® ®
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Xe I—Continued
The Jl-coupling notation in the general form suggested by Racah is here adopted, and the
arrangement is similar to that used for Ne1, A1, and Kr1. Because of the wide interval of
the perent term, the high levels observed by Beutler might more sppropriately be entered
after the first ionization limit, as has been suggested by Edlén. In the general form of pres-
entation adopted in these Volumee for noble gas spectra they stand out so conspicuously,
however, that no exception in arrangement has been made for Xe 1.
REFERENCES
C. J. Humphreys, Bur. 8td. J. Research &, 1041, RP 245 (1080). (T) (CL)
H. E. White, Phys. Rev. 88, 1786, 2016 (1931). (E D)
E. Rasm .D.mpw(Copuhqn 1032). (M (CL)
C. J. Humphreys and W. F. Meggers, Bur. 8td. J. Research 16, 139, RP 521 (1933). (I P) (T) (CL)
H. Beutler, Zeit. Phys. 98, 177 (1938). (T) (CL)
B. Poghny, Zeeman Verkandelingen, p. 336 (Martinus Nijhoff 1935). (Z E)
W. F. Meggers, J. Rossarch Nat. Bur. 8td. 14, 405, RP 781 (19385). (C L)
J. C. Boyce, Phys. Rev. 49, 730 (1938). (I P) (CL)
J. B. Green, E. H. Hurlburt, and D. W. Bowman, Phys. Rev. 88, 73 (1041). (Z E)
G. Racah, Phys. Rev. 61, 537 (L) (1942).
B. Edlén, Ark. Mat. Astron. Fys. (Stockholm) 38A, No. 32 p. 1 (1943). (C L)
J. B. Gresn, Phys. Rev. 66, 151 (1943). (Z E)
B. Edlén, Phys. Rev. 65, 248 (1044).
B. Edlén, unpublished material (November 1948). (T)
W. R. Sittoer and E. R. Pock, J. Opt. Soc. Am. 89, 474 (1949). (C L)
C. J. Humphreys and H. J. Kostkowski, J. Research Nat. Bur. Std. 49, 73 RP 2345 (1952). (CL)
P. F. A, Klinkenberg, Rov. Mod. Phys. 84, No. 2, 71 (1983). (SBummary hfs)
H. E. Walchli, A Tabls of Nuclear Moment Dda, Oak Ridge Nat. Lab., ORNI1~1469, Suppl. II, 30 (1935).
(Summary hfs)
C. J. Humphreys and E. Paul, Jr., U. 8, Naval Ord. Lab., NAVORD Report 4589, 25 (1956). (C L)
Xel Xel
Paschen Config. Desig. J Level Obs. g || Paschen Config. Desig. J Level Obe. g
P 5p0 5p 8 0 00 3s°y" | 5pP(Phe) 5d 5d' (14)°| 2 81447. 69 1. 274
A 1 93618.75
1s 6s 6 [14°| 2 67068. 047 | 1. 500 3s; " 5d’ [24)°| 2 91153. 18
in | oPORW WAP) 3| Grotroas | 15 3’ BA) 21 54153090 | 1126
1a 6s 6 [0%]°| O 76197. 298 | 0/0
e | PORW ORI Q| oitsfe0 | Lsm | 20 |speProre | 7 twe| 3 | ssse.s
28, 1 85440. 58
2p 6 1 77269. 649 | 1. 852 2 5 7 7 {04)°] © 957821,
2: 5?'(’1’11:06? : :::ll . 1:::: =l ::o 2‘: P OPh)7s s’ [0/4) 9 gerar: g’ 1. 308
2p, g 3 78403. 5632 | 1. 336
],
2y " & 4| 1 78956, 538 | 1023 pe | 5PCPLOTP | 7p 1041 | 1 87927.652 | 1.728
2ps I 6p lom 0 80119. 474 o/0 3ps 3 88469. 732 | 1. 348
2 6 ’ . 3 " 7 %) | 1 88745. 081 | 0. 903
bt | SPCPROGe | 67 [Ld} | 1| SESTO.CATIO.TOON 3%, P 2 | 88687020 | 1.347
2p: " ép’ (0% | 1 89279. 233 | 1. 552 3ps " 70 [0%] [ 0 88842. 781 | 0/0
2p: 0 89860. 538 | 0/0
4d, | 5peP1O6d | 6d [0%)°| O 88491. 52
3d Puo5d | 54 [0%]°| © 79771. 798
34, 5PCFI) [oA] 1 79987. 16 | 1. 395 4ds ! 88560. 28
" o 4d; " 6d [3%)]°| 4 88912. 196
3333‘ 5d [3%] ; %%: ;g 4d, 3 89025. 39
v ° id " 6d [1%]°| 2 88708. 98
33:: 5d [1%4] ? ggssg.a 24; 1.376 pr (14] 2 Ber0s. oo
34 " 5d [34)°] 32 81926. 04 4d; " 6d [2u)°]| 2 89248. 75
3d; 3 | 82430 72 «d 3 | 895%5.06
o ® ® ® ® ®
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115 Q
Xo I—Continned Xe 1—Continued .
Paschen Coaflg. Deslg. J Level Obs. ¢ || Pavchen Oonflg. Desig. J Level Obe. ¢ .
4 ST 0d o (14 ? 100418 Sps | Sp*CPLO0p 9 04] | © 94386.01 | 00
&
6de | 5p0PLO8d | 84 foMl°| O | 94184 809 | 0p0 @®
% 8 | 8 [ 3 90805. 1. 465 od 1 94828, 583 | 1. 180
80: SprOPDY) 4 1 : %g 1488 s 4228,
6d¢ " 8d BYI*| 4 04296.855 | 1. 236
% Sp'(OPy ) 8e 8¢’ [OM)* ? 101498 6d, 3 94290. 785 | 1. 076
' ods " 8d (1)°| 3 | 94288 168 | 1. 308
x |owernow | & wa | 1 %00 | o 504 6ds 1 94085.94 | 0. 914
4 2 90846. 968 | 1. 11 z, " 8d [3%)°| 3 94339. 940 | 0. 987
4 3 94370, 504 | 1. 246
a ’ yowAa R 0ee 08 spoPLsd | sa | 2
] 1 | 106029
i} o 4 3% | 8 90007. 614 | 1.18
w 3 90010. 553 | 0. 86 6X Sp 0P G 6 (1% | 1 94735. 411 | 0. 50
W " 4 (3% 3 90044. 55 oY 2 94737.654 | 1. 09
‘ 8 oT " & [% | 5 94744. 73
4 50 P18, sp (ox] { 1 93153. 809 | 1. 801 o ‘ Hs 17
P Rkl * 6U " o (241 | 8 | o475 88 | 117
an " 8p (241 | 3 92231. 884 | 1. 103 v 2 94760. 415 | 0 87
4ps 3 92265. 470 | 1. 273
(1,4 " & BHl | 3 94769. 90
im " 8p 4] | 1 92333, 588 | 1. 036 4 94700, 90
4pe 2 92371, 442 | 1395
4 " 0 92555650 | © 5o 10e [ 100 [134°]| 2 94760. 431 | 1. 512
Ps 8p [0A) /0 5.: 5p' Py (14) 2 ’27”.‘433 -312
7d | 74 oue]| o 92800, 0, 10: | 100’ [0%)°] ©
5: SphePLo oA 9 3195, 158 1.'373 5es Sr'CPw o1 9 [105316) o
4 " 7d ol 4 92445. 434 | 1. 217
ﬁ‘. B 3 92646. prt: 1. 026 6pe | 5pPCPLO10P | 10p 0] | 1 95154 88
5d " 74 x| 2 92722 043 | 1. 196 6 " 1 3 95182 17
5d; WAP) 3 | s i oo o O K| 21 98I0 o8
5d° ” 7d ol 2 92679. 038 | 1.073 " 100 1 1 95316, 97
5d! @Ay 2 92734, 107 | 1.263 3. o A 2] e o
78 | 1 pupel 2 6 " 10p [0 0 953288, 67
8ol 5p* (P [13%]) 2 103419 Ps Op [0%)
7ds | spOPLOSd | od [o%I°]| O 96150. 107 | 0/0
5X 1 1 93363. 199 | Q. 50 7d 1 95888. 913 | 1.217
X S OPIY 8 [14) 3 3303 199 |2 %0 s
7d; " od [BXI°| 4 95850. 250 1. 237
5T " 5 [4n1 ] 6 93378. 01 7dy 3 95989. 598 | 1.078
52 4 $3378. 70
7ds " od [1%P°] 2 95274 939 | 1. 298
i 5U " W Py 3 03401.96 | 1.17 7dy 1 86495.99 | 0.3899
sV 2 93404 484 | 0 87
l 7dy’ " od (aupr| 2 856313, 919 | 0. 980
| sW ” 5 BYl| 3 93431. 30 7d; 3 95335, 225 | 1. 225
i r 93421 10 sworuosd | o0 x| 3
i 4 5pPCPLI% | 9 [M)°]| 32 99898, 768 | 1. 496 T 1| 100808
oy 1 9342¢.615 | 1. 154
7X |sp0Pr7 | U 1M1 1 95561, 583
9% | o 0
| . S5p°CPYY [o%)° 9 100964 7Y 2 95563. 079
5 7T g 7 a8 95567. 85
| Spu | SPCPLO%P | Op (0] | 1 | 04067. 46 "z 4 | 95567.99
' " 7U " 7 3 95576, 44
, i b BA1| 3| MUAK |l 7V s BA S e
| " 1 1 04169. 37 ™w z 7 3 95583. 59
: m 14 3 94100.75 | 1.388 / BA 4 95583. 67
1
]
® ® L J o ® L ] o ® o o
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Xeo —Cantinned Xe 1—Centinned
Passhen | Conflg. Desig. | J Level |Obeg|| Paschen | Confg. Deslg. | 7 Level |Obsg
P e | 11e o 3| sssrm 9X 1 1 90463. 14
6o ke ) 3 mox.w 1.188 o7 | MOPWY | ¥ I L 96463. 78
11s | 110 [04)°*] © oT " 4 5 96408 14
6es eh O 0 1 oster 3 vuwa e en
7 5P OPLO1Ip | 11 1 1.3 9U " 3 96470 34
1” g ?‘) u’ :::ll 3 :::a 1l ov v ge470. 90
T ? 3 00558, 60 oW " o [3W) [3.4] 9647306
Tor " 1p X | 1 95871. 20
™ 2 | 958799 8s | 5POPBO13s | 138 [I°] 2 | 9647964
8¢ 1 96481. 13
T o 1p 0K | o | 95916 04
5p°0PLY13p | 13p (3M4) | 2
8ds | 5p°0PLO10d | 104 [0MI°| O | 96896 78 o 3 | 196607.28
8dy " 104 (141°| 2 | 96905 108
84, 1 | 96040.28 10d, | 5p*0Pno12d | 124 [0K]°] O | (96609 5)
d’ ” 1“ mm‘ 2 “m- ,, lOd. l ”610. 7’
3 96947. 183 10d: " 124 [3%)°| 4 90683. 31
. 5p'CPL)10d | 104 [1X]°]| 3 10d, 3 96632. 14
8 1 | 106548 10d, " 124 pxe| 3 96827, 69
10d, 1 98654 90
Bx W@Pw“ y (lm l 96096.76 lOd" ” lzd 2 o 2 m 1.“
8Y 2 | 9609783 o] BAI| 2| et gt
sT ’” & [4X) 5 96101. 11 124 | 12¢’ (e | 2
82 4 96101. 26 108 SrePRY WA 2 | jorare
8U " & 4| 3 96106. 83
sv 32 | 96107 87 10X | spePnolef |10 14 | 1 } 06725, 0
8w v & [BM) | 3 96111 68
4 96111, 75 10T " 10f [4%] | 5 | 0672698
102 ‘ 96737, 07
T | 5pP0OPLOI2s | 12 (1%°| 2 | 96109.78 10U z 19 2% | 3 96730. 00
o 1 96123, 93 10V 2 | (96730 5)
5p'0PRO12e | 120 [03G°| 0 10W " 19 1B%) | 3 | (967325
7oy 1 | (106858)
9 | 5pPOPBO4e | 148 [1W)°] 2 | 98781 88
8w | 5PCPLO1IP | 12p (03] | 1 | ([9€280.1) | SPCPW WA 21 e o
Sp z 12p 3% | 2 | [ve2902 ¢
8ps 3 962990, 46 SpPCPLIep | 14p (23] | 2
109 3 96830. 65
8pr " 12p (x| 1 96307. 37
8p 2 | 96313 40 z Mp 0% | 1
10ps 2 96837. 65
8ps " 12p [(04] | o | 96338 33
114 Pruo13d | 13d (3%1°| 4 90848 64
9ds | 5pOPBOILd | 112 [o%°| o | 9630618 113: 570F1) B 4 usﬁ. 10
9d, 1 96315, 67
114} " 13 [2%1°| 2 | se856.08
od; ” 11d 3%°| 4 | 96322 00 112/ 3 | 96868 08
“4 3 ”384.987 l. 082 wom)l“ l3d' [l%’o 2
9d, o 114 [1%)°] 3 | oese9. 18 114 1 | [107434)
94, 1 96424, 28
o7 ” 114 el 2 | 0608485 1T Prolly | 1y 5
Wil 2%} 3 be: 34‘58. 0# I S5pPOPH)LY | 1lf  [4%) 5 } 96919, 72
s5pPOPROIE | 1idr 1% | 3 U z 1y @ 3 96922 02
9, WA 2 | sosose s 2 3
° ° ° ° ° ° °
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Xo 1—Conlinned Xe 1—Continuned
MR
Paselen Coaflg. Deslg. J Level Obs. ¢ || Paschen Config. Desig. J Level Oba. g
| SprOPa)18¢ | 180 [1 3 154 | 154° [1M)°| 3
O (£3. : ssoss. 0 136 5Py (14 2 107708
1 1 3 164 | 164’ (1 3
11 SprCPy)15p | 159 (3] H 96000, 3 ol 5p*("Pag) (1 2 107308
14| 1 4 97007. 174 | 174’ [14)°| 2
134 S 0PLY oM 3 4 106 8p°( Py {124} 2 107870
SprePROId | 14’ I4)°| 3
. 1 107688 1 184° [IW)°| 2
W V) rorses 1684 5pr Py 184 (1) 3 101988
Xe u(®Piy Limit |..... 97834 ¢4 Xe u(Pug Lisét  |..... 108371. 4
October 1956.
Xe1 Opsanvep Luvars®
18 30 3p? 302 3p? Observed Terme
34" 48 4p* 40
5 5p* 58
ns (n26) np (n26) nd (n>35) nf (n24)
149 2P° -] p D | 5-9dP° 8dsD* d 'Fe D
sopepine oI |*0h8  OpiP  oopiD |Godibe  £diDe eddire | 441D
J1-Coupling Notation
Observed Pairs
ne (n26) np (»26) nd (n28) W (n24)
5 140 1X4)* 5~12d 1
seere sl i HERE gt
6-14p {1 5-12d [1%4]° 4+114
5-13d +9
58 nz’ 6-9, 11¢’ ‘1 8d’[34]°
swem) o i o 1 S5
SFor predicted lovels in the spectra of the Xo 1 isoelectronie sequence, see Vol. m1, Introduction.
o ® @ S ® ® ® o
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(11 sequence; 53 electrons) Zw=B4
Ground state 15° 2¢° 2p° 34° 3p° 3d™ 44 4p° 44" 5¢° 5p* P},
8p* Py, 171088.4 K 1. P. 21.2 volts

The analysis is from Humphreys’ 1839 paper with the revisions suggested in the 1939
paper on Zeeman Effect by Humphreys, Meggers, and de Bruin. More than 660 lines have
been classified, including 20 in the ultraviolet from 740.406 A to 1244.756 A reported by
Boyece, in addition to Humphreys' list, which extends from 2230.79 A to 10220.8 A.

Edlén attributes a line listed as Xo 1 at 9487.76 A to the forbidden transition giving
the interval of the ground term of Xe 11, namely, 10537.01 K. He states that the line is due
to & magnetic-dipole transition and that the transition probability is 21 sec'.

The limit is “the approximates Rydberg limit of the s-electron series”, the absolute term
values being based on the ‘Pyg series.

The g-values in the table are from the pspcr by Humphreys, Meggers, and de Bruin,
snd from Angenetter. For the most part, they are average values of the various observers.

Observed intersystem combinations connect the doublet and quartet systems of terms.

REFERENCES
C. J. Humphreys, T. L. deBruin, and W. F. Meggers, Bur. 8td. J. Research 8, 287, RP 275 (1931). (I P)
M (CL)
J. C. Boyoe, Phys. Rav. 48, 730 (1938). (C L)
C. J. Humphreys, J. Ressarch Nat. Bur. Std. 93, 19, RP 1164 (1939). (I P) (T) (C L)
C. J. Humphreys, W. F. Moggers, and T. L. de Bruin, J. Research Nat. Bur. Btd. 38, 683, RP 1264 (1839).
(MECL 2ZP
H. Angenetter, Zeit. Phys. 1185, 309 (1940). (Z E)
B. Edlén, Phys. Rev. 68, 248 (1044). (C L)
A. G. Bhenstone, Proe Roy. Boec. [A)] 319, 419 (1953).
Xen Xen
Conflg. Desig. J Level Interval | Obs. ¢ Conflg. Desig. J Level Interval | Obe. ¢
50 8p e |1y 00 5 88 | 6 P | 2%/ 108475 17
5 04| 106873 |—10837.3 5vCE) 1)’2 107381 75 | —908.88 1 o 47
0% | 100006 11 | 47864} 79
e o#t N s 203 O 5pCP)sd | 54 D | 1% | 107904 50 1. 20
S EFCRIG | G0 P |24 9008840 | o5 g | 188 2% | 100563, 15 | 1058.65 | ;' 33
0% | 101167.51 | ~000 17 | 543 |l 50 5p(D)6s | 6’ D | 2% | 108007.25 | _ 1.22
1% | 11202470 | —4917. 45 ) g5
W opehed | 84 D % | Sa%es 08 w8 50 5p(D)5d | 54’ D | 1% | 111326. 03 1.24
14| 06033 44| —936761 35 2% | 11270858 | 1376.65 | ;' 13
o L 5¢* 5pA0P) e | 2% | 111968 84 1. 47
84 5pOP)Sd | B F |4y | om0a90| oo [ LB weRey | o 1% | 11179808 | _ 1870 | {61
3% | oss22.66 | _ 107 04 | 113672, 85 1. 50
1| 1oneeaes e 5¢* 5p°CP) 6p ‘D° | 3% | 118705
118706, 33 1. 40
5¢* 5p'(°P)6e 6 P |13 102700. 08 159 " ’ f; Hg%s"ff '3‘1‘%% :‘3’3
104250. 06 | —1451.00 | o g4 0% | 120414 87 | —3031.76 | o &g
8¢ 574(*P)8d ' | 1% 105812 33 1.15 || ¢ 5p0D)8d | 8¢’ *F | 2% | 114751. 08 1. 10
034 | 105047 54 | —03421 | y 34 (D) 3% | 114913 906 162 88
o ® o L o L o
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Xe —Continned Xo n—Ceontinned
Coafg. Delg | 7| Leve Interval | Obs. ¢ Config. Desig. | J | Leva Interval | Obs. g
& S (8)0d 84’ 3D m }"‘“‘ﬁ —5316 68 8° | 14| 129198 84
WPy | 6 W | 0% | 19127928 208 ™| 1| 1eeise o0
o | 1% | 189408 03
WPty | & @ 1% 191098 90 1328 e | 2% | 1swese. 1
s D 183118, 50 139 )
Wehe & fﬁ 184889, 60 | —1177.00 | 1" 33 13° | 0% | 140011. 6
v spe | 1% | 198864 01 135 15° 2% s u 1.08
wene | @ off | 18587104 | —mew | |3 #| 14009,
17° | 0% | 140185. 65
8¢ 5pA(8)0s &% | 0% /| 120070 00
50 5p4(8)6p 6’ 'P° | 1% | 140810 88
worchu | eer o) et | o o
@ Dy | oy ore , '“ - 19° | 1%} 140885, 12
gﬁ 13008 08| 1198841, 15 | sospePied | 6d P 140883 4 wses |23
1% | 141403 | 32588 10
WD) | 58 |0%| 120248 5 23 | 143399 ¢ 119
8 5p(D r3pe | 1% | 199067, 37 1. 40 21° | 1% | 140087. 0
ety | & oa 138741.00 | ~ VRT3 | g 7y % | 14008y
56 5p'CP)Te To P (14| M33823 | .o 159
5o 5p*(D)6p 6y’ 'D° 32 gz"’a.z 273 93 %g 034 | 142930. 0 . 1.05
’ 23° | 1% 149469.8
8 5p/CP)7e T P |2%|1228187 | _gpa g [158 \
of | 1350008 | —187L7 |33 || OFOORe (64D M| Geaay | —eser |1
3 1329169 5 6 |6 P |1
x ) oﬁ 145222 7 038
" 133454 3 ,
l{m } S EpCD)Te | T D 3| 1463084 | _ggr g | 120
6 |2%]| 1390151
8 sp'PP)6d 6d ‘D |3n| 135507.3 L3 1 [3% | o078 0%
:s 870 | %2 1 25° | 1% | 147618.0
1% | 135708 2 L33
27° 2% | 147644. 6
16 | 1% | 196500.35 Les 29 | 1% | 14753 ¢
18 136554 17 09¢ || 500 spriD)6d | 64 D | 1| 148085 2 L 07
% sweD) 3% | 140007.3 | 10121
8 |3%| 1085006 ae | 1% | 1assa s
otpched | od ¥ -+ 14 s |1 9.
2| 1300041 | #4414 | 14ss0n4
14| 1%es08 | — L4 35° 3% | 149881.0
10 |3% | 1967385 37 | 3% | 1496807
1° | 1% 1879005 50 5p0D)0d | 6d' F |3
5 SpCD)NT | & G° il >
32 187818. 81 30 | 1% | 1563029
8¢ 5p('D; e | 2| 187389, 18 a° | 1% | 167289, 1
Dt | & 3% | 137498 76 1487 | y o8 f| oo 1%) 167ans. 1
12 |13%/| 1380028 1.00 Xe m(Py) Limit |____| 171068 ¢
20 |o0%| 138726. 4 1.86
s | 3% | 139008. 4
January 1984,
o [ o [ ® ® o ®
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Xouz Onssaveo Tuaums *
wwa&swww Observed ' .r°¢
[* 2

5o 5pf 5pp P*
8o 8p Sy B

ne (n 26) np (n20)

7s ‘P g ¢ sD*
8 5pOP)az g 3 e o ipe & ibe
8e? 5p0('D)nz’ 6,7 D 8p’ P°  6p''D* @p/ *F*
50 5p*(18)nx’’ 6y’ 18 op’’ 1p°
nd (n25) nf (n24)
52 5pACPIns sedb 5edwp MMT
5S¢t 5p(D)ns’ 5d' 8 54’ P 5,64 D 5 64’ °F 4 P 4G
Se* 5pA(8)nz’’ 8d'' 1D
* For predicted terms in the spectra of the 11 iscelectronic sequence, see Vol. i1, Introduction.
Xem

(Te 1 sequence; 52 electrons) Z="54
Ground state 1s* 2¢* 2p* 3¢* 3p* 3d" 44* 4p* 4d* 54 5p* *P,
5p* 'P, 259089 K 1. P. 32.1 volts

The terms are from the 1936 paper by Humphreys, with the revisions introduced by
Humphreys, Meggers, and de Bruin from a study of the Zeeman effect, reported in 1939.
Humphreys lists nearly 300 classified lines between 2235.35 A and 7653.8 A. Boyce has
observed the Xe 111 spectrum in the extreme ultraviolet, and in collaboration with Humphreys
has classified 128 lines between 627.393 A and 1978.702 A. “The most intense lines of the
(*S) family have been classified by de Bruin”. Excepting one level, 84 *D, the terms found
by de Bruin are incorporated in the present analysis.

Observed intersystem combinations connect the singlet and triplet systems of terms.

“The absolute term values are arrived at from an estimation of the limit of the
8¢ 5p*(‘S)nd *D° series”, (n==5, 6).

Edlén has classified two lines whose wave numbers agree with the ground-level separations
of terms from 5s* 5p*, giving the following intervals:

5p* *P,—5p* *P,~9794.6 K
5?‘ 'P,—-Sp‘ ‘D,= 17098.97 K-

He attributes these forbidden lines to magnetic-dipole transitions. His value of the interval
P,—P, is quoted in the table.

For miscellaneous levels the designated published numbers have been retained in column
two, with the running electron added. The last six levels have ‘‘nz” substituted for the running
electron, since it is not known whether this electron is 6d or 7s.
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Xe mi—Continued
REFERENCES
J. C. Boyos, Phys. Rev. 48, 730 (1936). (I P) (C L)
C. J. Humphroys, J. Ressarch Nat. Bur. Std. 16, 639, RP 898 (1936). (I P) (T) (C L)
C. J. Humphreys, W. F. Meggers, and T.-L. de Bruin, J. Research Nat. Bur. Std. 33, 683, RP 1264 (1939).
MECL (2ZE
B. Edlén, Phys. Rev. 65, 248 (1944). (C L)
Xem Xe 1
Config. Desig. J Level Interval [Obs.g Config. Desig. J Level Interval |Obsg
54 8p 59t P 2 0 [_oree6 548 5p5(CD%)8s | 6’ D° 1 | 13323488 | |09 5, 038
1 9795 2 | 134667 49 1.18
o | s 1664 3 | 138658, 28 | 399079 | | 33
88 5pp 59 D 2 | 11100 58 5p9(0D°)5d | 54’ 41° 2 | 136367. 65 0. 90
54 5pt 5pt 18 0 | 87398 88 5peD%)56d | 54' D° 1 | 138145. 61 0. 50
v 2 | 150085 49 | 3888|112
8s 5p* 5pt IP° % 193983 — 5306 3 | 143166 54 122
0 | 1089469 |—5800 56 5p0D%)5d | 54 18° 1 | 140731 23 1. 56
SA5p%8%)6d | 54 D° | 4 58 5p°0D%)6s | B¢’ !D° | 2 | 143048.87 0.96
3 | 111606.48 | _oe0 oo
2 ﬁﬁﬁ‘ 34 | 303 o1 585p0D°)5d | 54’ D° | 2 | 14500 39 0.31
0 | 112698 86 | —244. 01 58 5p8(8°)6p | 6p P 1| 14678L71 | o0 o0 228
2 | 146962 60 | H000 80 | 1.70
5s 59 5pb 1P° 1 | 119026 28 3 | 149061. 60 - 1. 67
BASP(8)5d | 5d D° | 3 | 121229.85 | 5.0 on 54 5p%0P%)5d | 54’ 13° 1 | 147797, 64
2 | 124691.78 |~ 3res oF
1 | 18198 03 5at 5pP0P°)5d | 54’7 15° 2 | 148870. 28
50 5p%(8%)6s | 6s 8° 2 | 121476. 00 1.95 || 56 5p50P°)5d | 5d” 17° 3 | 148413.09
S8 5p*(8°)8s | 6s 180 1 | 126617. 20 1.77 | ss5p(S*)6p | 6p P 0 | 152808 36 | _c07 o7 | 000
1 | 15030120 [T1000 07 | 1 5%
58 5p°0D°)5d | 54’ 'F° 4 2 | 152087 94 L 50
3 | 126120.07 | _ o000 4,
2 | 128%49. 61 - 5 5pPOP°)5d | 54 19° 2 | 160404. 68
58 5p(*'D°)5d | 54 'F° 3 | 127782 29 50 5°0P%)6s | 64" SP° 0 | 150605.45 | gy 15 | 000
1 | 16148%.60 | o010 g1 | 147
8a5pCD°)5d | 5d ¥G° | 3 | 13017400 | 00s 08 2 | 1568893, 41
4 | 132160.06
5 5 5p20P%)6a | 64’ 1P° 1 | 154839. 61
58 5p0D%)5d | 54’ 1Ge 4 | 138438 59 5 5p0P°)5d | 54 23° 2 | 158925. 29
o ® e [ ] o o ® o
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Xe m—Continned Xe m-—Contianed .
Conflg. Desig. J Level Interval |Obe.g Config. Desig. J Level Interval |Obs.y .
84 5p0D%8p | 6’ D 1 | 18809710 | gass 0o 58 5pPOP)0p | Op” 28 1 ] 182134 41
3 (16220010 | 4700 (117
3 | 10637422 L 22 [| 8¢ 5p%('8°)7s Toe | 2 |132897.31 \.)
8¢ 5p°CP%)5d | 54’ 35° 1 | 160888. 89 5¢ 5pPCP%)6p | 6p’' P ?
88 5p(0D*)6 6p’ F 2 | 160691. 50 0. 84 0 | 183220. 15
ARSI 3 |162s04.93 | 190343 |1 08
4 | 106554.95 1. 28 || 54 5pPCP%)6p | 6p” 32 1 | 184009.37
82 5pCP*)5d | 84" 21° | 3 | 101810. 39 58 5p°CP°)0p | 6p” 34 1 | 184570 60
53 5p°0D%)6p | 6p' F 3 | 164438 80 109 || 58 5p20P*)6p | 69’ 36 |1or2| 185888 20
88 5p0D%6p | 6 4 1 | 164511 83 0. 42 || 54 5p3('8°)7s 7s %B° 1 | 188023. 28
82 5p2(*D°)6 6p’ P 0 | 166205 67 58 590D ns | nz' 29° | 2 | 196897.68
peDISe | o 1 | 168086 15 (173048 | 4 39 i
2 | 166880. 21 1. 88 " ne' 31°| 2 | 195977.30
S8 5pPODO)4sT | 4 6 4 | 166355 52 131 z nz' 33° [20r3| 196261 30
8# 5p°CD%)6p | 6p' 'D 2 | 171990. 00 108 " nz’ 35° |2or3| 196637. 90
82 5p°(P°)8 6p’”’ D 3 | 173946. 80 " ax’ 37° |20r3| 190608. 67
r ? 2 | 177956 07 |~ 390227 | 1.18
1 | 175231. 35 0. 65 " ns' 30° | 3 | 200050.37
88 5pCP%)6p | 6p" 26 1 | 178029. 58 .3 U | N N U I
B 5p2(*8°)6d | 6d D | 4 | 188122.97 | _ Xe 1v('Sty) Limit |...... 259089
3 |18ue4 04 | THLT
et s
0 | 188840 79 | —289-68
o
October 1953,
Xe 11 OnsErvap Trrus*
Confl ion
1s2 29 sr 3¢* 3p Observed Terms
3% 480 4pP 4dW +
50 P
be* 54 { ws ™ 59 'D
5pb 3P°
5 5 { 55 ipe
ns (n>6) np(n2>6) nd (r25)
5 5p3(*8° Te 98° 6p P 5, 6dD°
Pz &1. sg° e P ' 5d1D°
D° 6’ 3D° | 6p’ P 6p D 6p’'F 5d’ 18° 5d'3D°  5d'3F° 5d'3G°
5¢ 5p*CD°)nz’ o 1D° 4 LA LA 4 54 1D° 54’ 1F° 54’ 1G®
' "y ry ,7
5¢* 5P (P )ns’ g:" ‘g 6p'’ 3P 6p'/ D
*Por predicted terms in the spectra of the Te 1 isoelectronic sequence, see Vol. 111, Introduction.
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Xe1Iv
(Sb 1 sequence; 51 electrons) Z="54
Ground state 16 26° 2p 3¢ 3p* 3™ 44 4p* 44" 5¢° 5p* BTy
Bp® ‘S K L. P volts

The analysis is by Humphreys, who has furnished the data in the table in advance of publica-
tion. His work is based on obeervations made by Boyce. There are 83 classified lines in the
interval 558 A to 1249 A.

Further observations are needed to extend the analysis. In cases where the observed
combinstions do not determine the J-value, the two possible choices are indicated in column
three. No series are known in this spectrum.

REFERENCES
J. C. Boyce, unpublished material (1936).
C. J. Humphreys, unpublished material (October 1953). (T) (C L)
Xe v Xelv
Config. Desig. J Level Interval Config. Desig. J Level Interval
5ot 5p* 5pt 48° 14 1] (1371 154532
w o
5p* 5pt 2D % ;gﬁ: A2U4 (1]74 157205?
50 5pF 5pt2P° 0% 280361 0% 188610
1% 41833 | 13847 1% 3% | 159643
1%, 3% 99664 0% 161435
1Y%, 3% 106924 1% 163596
(1171 109255 (179 1652817
1% 121929 1% 165995
1%, 3% 125475 0% 167208
1% 133027 1%, 3% 170133
14, 3% 134981 1%, 3% 170491
1%, 3% 136498 1% 173221
1% 145107 1%,24 | 176043
1%, 3% 146205 1%, 2% 179001
1%, 3% 148684 1%, 2 186052
January 1986,
® ® ® ® o @ ®
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85 electrons Z=55
Ground state 1s° 25" 2p* 34* 3p* 3d™ 44° 4p° 4d™ 34* 5p° G Sy,
82 8y 31406.71 K 1. P. 3.893 volta

A number of references have been used to derive the best available level values from
the separste sets of wavelength measurements, starting with the ground state zero. For the
principal series and the limit quoted above, the results of Kratz are quoted. He has observed
this series in absorption to n=73. McNally and his associates have also carried the obser-
vations of this series in absorption to n=62, and give the limit as 31406.32 K. For the *D
series Mack has furnished his unpublished observations of the forbidden lines 6s *S—nd *D(n=9
to 21), for inclusion here. The work of Meissner and Weinmann has provided data for some
D, 'S terms and for the *F* series. Meggers’ observations furnish revised values for 6p *P*°
and 64*D.

The well-known series from Fowler and Paschen-G&tze are given by Bacher and Goudsmit.
Their terms that still need to be re-evaluated from more accurate observations have been
rounded off in the table, namely, 11, 12¢%8; 5, 6g'G; and 6A*H°. New measurements in
the near infrared furnished by Fisher in advance of publication, give the connection of the
54D and nf 'F*° terms with the rest of the terms, and the quoted value of 72°S.

Beutler and Guggenheimer have classified 53 ultraviolet lines obeerved in absorption,
between 653.60 A and 1007.5 A, as transitions from the ground term to levels above the ioni-
setion limit. The high limits are from the Cs 11 analysis. These authors have classified four
groups of lines called A, B, C, D, having the respective limits in Cs 11 *°F;, °P%, °P%, and 'P%.
The value of the limit they use for group C (P.), 150870K, has since been replaced in Cs 11
by one at 153772 K. The writer has, therefore, attempted to adjust the series for group C
by sssuming that their first series members 54 and 7s are correct as given, and adopting the
best available lines that fit the revised limit. Consequently, their level at 142577 K is now
labeled 6d? instead of 8s; their level at 139694 K, formerly called 6d, has been rejected; and
the 83 level is tentatively placed at 144501 K. The miscellaneous levels, which are the wave
numbers of the observed ultraviolet lines, have been assigned numbers by the writer. The
double entries of J for these levels (unlike those for unresolved terms) indicate that the
existing data are insufficient to determine which value of JJ is correct.

The ground state 6s *Sys has & hyperfine structure with a separation of about 0.30 K
observed by Kratz from 740 72p *P°. Mack has slso observed it in the 6s S—nd D obser-
vations from n=9 to 15.

More than 200 lines are classified between 653.60 A and 7.4 4.
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Cs 1—Continued
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R. A. Fisher, unpublished material (February 1854). (C L)
H. E. Walchli, A Table of Nuclesr Moment Data, Oak Ridge Nat. Lab., ORNL-1469, Buppl. I, 30 (1955).
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Cs1 Cs1
Config. Desig. J Level Interval Config. Dealg. .| J Level Interval
5p8(8)6a 6 "8 0% 000 5p0(8) 10 10 8 0% | 28300.28
(96 spe 0 11178. 24 spA(t sF° 3 25329, 660
(Dep o 1 11732, 35 sse 11 || SPCDY v 2}}2 28389, 788 | 0 103
5d 5d *D 1 14499. 490 N 18 1G | 3%, 4 67
9 ¥o| 1T 97. 59 :"(‘ ): :: e :‘ 5” 283
28356
5P08)Ts 728 | o% | 185851 "L:m o "(;%“ g
7. 09
5P (9)Tp e | 0% | sreses | o I T ? 1% | serssies | 2084
Y| #1040.66 . 5p°(:8)9d 9 D 1% | 28828 90
5p(5)6d 6D | 1% | 2258880 | o, 4 2% | 28836 06 710
M| meaLEs 18)11 11a 8 o 2012
5p*(8)8¢ 8 8 0% | u317.17 :::‘s)_”' 7; o 3“
£ 156
o 3 24478, 287 2 . —0.069
M v 2§ sﬁn 68| —0.176 . o ape o :‘:‘4'3 285
11p P 403. 68
(9)8 P | 0 25709. 1 1 20421. 10 17.43
TR W R ) me ] e | e | g | e
5974 7d 3D 1 26047. 86 2097 PR | R 108
2 26008, 83 15)12¢ 12¢ 18 0 29666
5pH(18)0e % 8 0% | 26010.68 :::W o i 3: 29075, 35
78.
5p*('8) F° 3 26971. 416 2 29675, 979 | 0. 044
5" v 2 t0971 bag | —O 7 912 12 1pe o: 8
29858, 85
5p°(18) 5 50 %G | 3%, 4% | 27010 (D12 ? 1% | 29864 78 1..87
5pA(S) pe 0% | 27637 29 11d 11d D 1 20806. 64
o i 14 | 27681 96 oy || 50D ¥ | 200 8 325
5p4(18)84 8 'D 1 27811. 25 0 1o 3 20042 516
2 27822 94 e || DY 9’ 2}’2 aooﬁ. 5401 —0.028
® ® ® L ® ® ® [
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Cs I—-Continued Cs 1—Continued
Config. Desig. J Level Interval Config. Desig. J Level Interval
13 13p P* 0 30186. 00 55°(18)24 24p 3P° | 0%, 1% | 31144 13
5p*('8)13p P lﬁ 30174 61 8 51 p*(18)24p 4 M, 1% 4
5p*(18)25p 25p 1P° | 0%, 1% | 31168 04
5pM(9)124 134 D 1;2 30197. 02 2 33
2 30199. 35 57°(18)26p 26p 1P° | 04, 1% | 31188. 87
5pA(8)1 10/ 'F° 3 30308, 383 5p(18)27 27p P° | 0%, 1% | s1207. 07
P v 3| 0508360 | —o 07| SPDII P H 14
5p*('8)28p 28p 1P° | 0%, 1% | 31223 09
SpA(S) 14p 14p *P° o% | soses. 16 4 33
1% | 30899 49 5p°(8)29p 20, e | 0%, 1% | s1887. 24
5p°(8)13d 13d D 14 | 30416 06 5p°('8)30 30p P° | O%, 1% | 31249 81
p('8) 21 30417, 76 1. 70 p*(18) 30p P %, 14 49,
5p(8)31p 31p 1P° | 04, 1% | 3126106
5pr(9)11f 11/ F° | 3%, 2% | 30494 69
5p%(18)32p 32p P° | O%, 1% | S1271.13
5p%(18)15p 15p 1P° 0y | s0s63. 27 T
1% | s0s67.98 - 5p8(:8)33p 33p 1P° | 04, 1% | 81280 17
5p0(8)14d 142 D 1 30580. 46 5p%(18)34 34p P° | 0%, 1% | 31288. 36
P8 2}’2 30581. 79 133 || SPCSp i % 14
5p4(18)35p 35p 3P° | O%, 1% | 31296.76
5pA(18)12f 127 F° | 3%, 2% | %0640.98
574(18)36p 36p P° | 0%, 1% | 31302 51
5pA(S)16p 16p P° 0% | 30693 76 276
1% | 30697. 58 - 5p8(18)37p 37p 'P° | 0%, 1% | 31308. 61
5p%(8)15d 15d D 1% | 30707 11 5p°('8)38 38p P° | 0%, 1% | 81314 21
T | 070796 .8 5::('313: 39p spe | 04, 1% sm: 29
8p*('S)17p 17p *P° 0% 30794. 80 2 95 ? P ’ ’
1% | 30799. 15 574(18)40p 40p 'P° | 0%, 1% | S1324 11
5p0(:S) 16d 16d D 1% | 30806. 59 5p°(8)41 4lp tpe | O, 13 | 81328 47
P{(18) 244 30807 2 0.6 pH(‘8)41p p 4
500818 18p 1B o | sors.07 2 a0 5p°(8)42p 42p P° | 0%, 1% | 81332 47
14 | 30880 41 574(18)43p 43p 'P° | 0%, 1% | 81396 19
3
5(9)17d 17d 3D | 14,25 | 30886.7 308 44p Mp 1P° | 0%, 1% | 31399.67
5pA(8)19 19p 1P° 0% | 30944 49
P19 P 1% | s09is 43 194 || 5008450 a5p 10 | 0%, 1% | 81342 84
5p*('8)184d 184 3D | 14,24 | 309515 5p(18)46p 46p 'P° | 0%, 1% | 381845.80
57*('8)20p 20p P° ‘l’ﬁ Joe08. ,’.‘2 1.59 || 5p5(8)47p 47p P° | O%, 1% | 31348 58
5p*(i1S) 194 19d D 1%, 2% | 31005.0 5p*(18)48p 48p P° | O, 14 | 31851.18
21 21p P° 0 31044 63 (18) 49 49p P° | 0%, 1% | 8135857
5p(18)21p 14 l;(‘ 310‘43:00 1. 37 5p*('8)49p P %, 1%
57°(8)20d 20d 'D | 1%,2% | 31040.5 5p08) 50p 80p *P° | 0%, 14 | 31356.85
5p09)22p 22p p° | 0%, 1% | 31084 08 5pM(18)Blp 5lp 'P° | O, 1% | 81357.96
5p*(18)21d 21d D 1%, 2% | 310867 5p(18) 52p 52p P° | O, 1% | 31359.95
55°(8)23p 23p P° | 0%, 1% | 81116. 40 5p°(18)53p 53p 'P° | 0%, 1% | 81361.80
® @ L J ® ®
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Cs 1—Centinned Cs 1—Continned
Counfig. Denig. J Level Interval Config. Deaig. J Level Interval
Sp*(i8) 54 S4p *P* | 0%, 1 81363. 60 G (SPYTe Ta WP° 1 128
P P %, 1% % ug 7 0 ,,‘,‘32 —ror

5p(\8)58p 88p 'P* | 0%, 14 | 31365 83

5p* 6aCP)Sd 8d 7 1% | 194804
5p*(8)56p 56p 3P | 0%, 1% | 3196878

5p* 0s0PY) e 7 P° 1% | 186096
8p*(\8)57p 87p P° | 0%, 1% | 31368 81

5p* Ge(PYGd 6d 8% | O, 13 | 126903
8p/(8)58p 58p 'P° | 0K, 1% | 31389 69

5p* 6s(P16d 6d 9° | O, 1% | 100488
5pr(18)80p 59p P° | OX, 1% | 31370 .96

5p* 6s(*P1)6d 8d 10° | 0%, 1% | 187420
5pA(\8)60p 60p 'P° | O%, 1% | 31378 2¢

5p* 8:0PD6d 6d 11° | 0%, 1% | 187868
5p(8)61p 6lp 3P° | 0K, 1% | 31373 43

5p* 6s(PPD6d 6d 12° | 0%, 1% | 187978
5pA(18)62p 62p *P° | 0%, 1% | 31374 56

5p* 6:(°P3)5d 5d' iF° 1% | 150829
5p(9)63p 63p P° | 0%, 1% | 3137568

5p* 6s(*PD5d 5d' F° 1% | 130687
S5p'(18)84p 84p P° | 0%, 1% | 31376.68

5p* 6s(PD8e 8s P° 0% | 131811
5pp(18)65p 65p P° | 0%, 1% | 81377.59

5p 6a(3P1)8d 84 13° | 0%, 1% | 181258
5p0(18)66p 86p P° | 0K, 1% | 31378 56

5p 8s(P1)8s 8 P° 1% | 131504
5p*(18)67p 87p P° | 0%, 1% | 31379.48

5p* 6s(PD7d 7d  14° | 0%, 1% | 131826
5pr(18)68p 68p 'P° | 0%, 1% | 81380 .29

5p* 6s0PY7d 7d  15° | 0%, 1% | 132550
5p*(18)69p 69p 1P° | OK, 13 | $1381.08

5p* 6s(CPY7d 7d  16° | 0%, 1% | 132706
BpH(18)70p 70p P° | 0%, 1% | 81381. 87

5p* 6s(PD9a? 92 pP° 1% | 133564
Bp*(18)T1p T1p P° | 0%, 1% | 31389867

5p* 6s('PD5d 5d' 17° 1% | 138908
5p*(S) T2p 72p P° | 0K, 13 | 3138328

5p% 6a('PY)5d 5d' 18° 0% | 134212
5p°(8)13p 73p P° | O, 1% | 81383.65 505 6603 190
............................................... 5;: eagtmo.? 9 20° }0"' 14 | 134614

Cs n1(18y) Limie | ._._... 31406. 71 5p* 6¢0P1)8d 8d 21° | 0%, 1% | 185014

5 8 83 P° 1 99259 5p 6s(3PD) 7e 75’ ¢P° 0 13616
5;'8;3&' ozf‘ 109069 —9810 P 6eCFD % 4

5p* 6s(P3) 10s 10s ?P° 141 | 185328
5p* 6:(°PY) 54 58 1° 1% | 113491 59* GeOPR 1247 120 1po .
59 6sCP)5d sd 20| 0% | 114580 5p’ Bs(PD112? s 22° ox,}fx }”"3“
5p* 6:(OPYSd 5d 3° 0% 117639 5p* Ge(*P3)13s 13s 1P° 1% 137297
5p* 8s0PD)5d 54 4° 1% | 117707 5p% 6s(P1) 1207 125 23° | 0%, 1% | 187641

1 ’ 1pe

sPacPIsd | 54 5 | 1% | 11867 SPOCEDTs | W) R | iskos | 10w
5p* 6sPD 54 84 6° 0% | 122658 Cs u(’Py) Limit . ... 138799
® ® ® ® ® ® ® ®
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Cs I—Centinned Ca 1—Continued
Canfig. Denig. J Lavel Interval Conflg. Denig. J Level Interval
Cs 0P Limsd [ ....... 136319 B Ge(VPY)0¢ 9’ P° % 149300
Ge ad? od P° 0! Gs(tP1)8d 8d’ 30°* 1 180.
g‘.ggu o o“.}g“ }““71 5p Go(*PY) 0%, 1% 404
8p* Ga('PY)9d od’ 81° | OK, 14 | 151561
By Se('PY)0d 6d’ 25° | O, 14 | 1435091
8p* Ge(*P1)0d od 32° | O, 1M | 181744
Sp Ce(*PY)Cd 64 26° | ON, 134 | 149877 ,
8% SaCPYS? & P o% 144801 8p Ge(*Pp)11s 11’ WP* (1)7 151985
§p® Ge(*P1)10d 10d° 33° | OM, 1% | 158808
5p Ge('PDE S’ TP | 0D | 140300 5P Ge(PYLId | 114 34° | OK, 1% | 160708
8 Ge(PPDTd 7d 3T | 0K, 14 | 147088 5p* 6e(*P1) 137 13d° 35° | 0%, 1% | 169999
5p 6e(PD7d 78 28° | 0%, 1% | 147994 Cs n(PY Limit  [oo...... 163778
8pf Se(*PN)7d Td 20° | 0K, 1% | 148288 Ca n(*PY) Limst | ... 154978
Febeuary 1983,
Csll
(Xe 1 sequence; 54 electrons) Z=55
Ground state 1s® 25 2p® 3s* 3p* 3d" 44® 4p® 4d™ 55* 5p* 1S,
5p* 1S, 202263 K L. P. 25.1 volts

The analysis of Cs 11 was started by Sommer in 1924 and has since been revised and ex-
tended by Sawyer and his associates. There are nearly 350 classified lines, and the observations
extend from 564.25 A to 6955.519 A.

The levels listed in the table are from the 1942 paper, which contains an array of the
observed combinations. From the descriptions of the lines given in the various papers, in-
cluding that in the 1942 paper on “The Hyperfine Structure of Cs 11”, and, by analogy with
Xe 1, the writer has tentatively assigned the Jl-coupling notation to levels from the 6, 7s, 5,6d,
and 6,7p configurations. These assignments need further confirmation and are far from defini-
tive. Trees has pointed out that configuration-interaction is prominent in this spectrum;
consequently, further assignments of the pair-coupling notation are very difficult. The
numbers used by Wheatley and Sawyer to label the many levels have, therefore, been retained
in column 1 of the table.

The limit is from Boyd and Sawyer, who derived it by means of s Rydberg formuls from
the two-member series 5p* 'S,—ns’[0%];, n=6,7. The higher member of the limit term has
been obtained by adding the interval of the ground term of Cs 111, 13884 K, to the limit quoted

REFERENCES

. Laporte, G. R. Miller, and R. A. Sawyer, Phys. Rev. 39, 458 (1932). (I P) (T) (C L)
. Olthoff and R. A. S8awyer, Phys. Rev. 43, 766 (1932). (T) (C L)
y (T) (C L)
(I P) (his)
(Bummary hfs)

"A. Boyd and R. A. Sawyer, Phys. Rev. 61, 601 (1042).
. E. Mack, Rev. Mod. Phys. 23, 64 (1950).
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Csn Csn O
Qi Contg. Deig. | J | Level |[loteevat|| A% | Cong. Desig. | J | leve [ioterva ,
s 58 0 o 00 28¢ 1 | 156399, 8t
5pPCPO6s | Ge [1 3 | 107398. 33 2 | 168717. 91
:‘: Pod (1A 1 | 107906, 01 - Al
138 | spoPaose | o foxr | o | 123551 - o et &
4 1 | 188860. 03 204 3 | 108388 9
4| saPuse | 84 [0N° o | 107503 14 ™ i Bansaadd
n 1 | 108888 77 301 1 | 164468.70
M w” d 0 3 | 108304 19 31y 7d, t | 184088 77
n o 1| ool 18 32 W((::xs. 1 | 165818 70
) »” s (39 4 | 11999053 r & !
1 3 | 106949 74 331 | Spr@PRO6d 1 | 166848. 10
9 v 5d 3% 2 | 119796. 08 343 2 | 185890. 08
108 3 | 118716, 61
113 | 5pOPRosd | 5df e 3 | 119865. 41 3% 3 | tesur. 78
15t 1 | 1#3038. 44 363 2 | 180131. 11
123 # 5d' [24)° g 120404. 87 m 3 | 188800. 74
384 2 | 166687. 09
1, Sp*(CP1Y6p 6p [0X) 1 | 126518 54
Z 3 | 128089, 83 29 2 | 108961. 57
g’. o B4 3 | 120107, 65 !
408 3 | 187015. 97
4 iz 6 [14] 1 | 120080. T2
5 2 | 130766 00 41 1 | 167434 91
'Y " op [0%] 0 | 133153 54 423 0 | 188781 50
7 ' [ 1 | 141885 80 43 1 | 189818 40 o
9: Sp'(CPuotp 6’ 14 1l H 1 _— i :7
4 .
8 ” 67’ (0] 1 | 143352 12 1| SPCPW
10, 0 | 144523 45 45t | 5pP0P1e9%, 1 | 170303 90
461 | 5p'OPyYT7d, 2 | 170504 88
163 | SpCPROTe | 7e NP 2 | 149812 85 PCPLY
1 a1 | 5p(PRSs 3 | 178544 81
m!| 5 7 7 [0 0 | 163024 80 48 3 | 172886. 58
28t PCPROTe (oA 1 | 163156 %0 !
493 0 | 173844, 81
Puo6d | 6d [0 0 50 1 | 173887.00
m SpeEL (04 1 | 149605. 33 1
51t 1 | 1769561. 42
194 o od [14)° 2 | 152791 49
18t 1 | 152178 11 5P0PL)10s | 106 [14)° 2
52t 1 | 177948 50
o od [BuPr? | 4
2% 3 | 163678. 17 27, 2 | 188791 09
20 ” od 2%°? | 2 | 1683308 7 26, 2 | 191002 05
an 3 | 153666. 54
25, 3 | 191103. 04
11, 5P (P Tp 7p [04] 1 | 155065. 45 24, 2 | 192475. 51
5p'CPLnS
12, iz 79 2% 2 | 156115 18 23, 3 | 192530. 62
13, 3 | 156513 16
21, 1 | 192675. 63
18, " 79 [1%4] 1 | 157062 46
14, 3 | 156757. 30 22, 3 | 197642.3
16, " 79 [04] 0 | 157743.28 20, 3 | 200406. 90
17 7 71 1 | 166096 30 TR S U
“: 5p'CPu)7p 'y (14] ) | isoeas 20
Cs mPyg Limit 202263
18, " 7’ [0%] 1 | 167453. 71
0 Cs Py Limit 216147
January 1954,
° ® ® ® ® ® ) o e ®
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Csmn

(L1 sequence; 53 electrons) Z=58
Ground state 14°2s* 2p°® 34* 3p° 3d" 44 4p* 4d® 5&* 5p 3P,

8p* 'PY, K LP volts

This spectrum needs further study. Fitsgerald and Sawyer have classified 17 lines
between 520.7 A and 877.9 A as combinations of the ground term with higher energy levels.
By analogy with Xe 1z the writer has labeled the third level in the table as 5p**S. The re-
maining “even'’ levels are probably from the 5s* 5p* 5d and 5s° 5p* 6s configurations,

From s study of screening constants Finkelnburg and Humbach have extrapolated an ioni-
zation potential of 34.6 +0.7 volts.

REFERENCES

M. A. Fitsgerald and R. A. Bawyer, Phys. Rev. 46, 5§76 (1934). (T) (C L)
W. Finkelnburg und W. Humbach, Naturwiss. 43, 35 (1958). (I P)

CsIm

Conflg. Desig. J Level Interval

5 1pe 1 0
i » 0 18884

8s 5p* 5p* 28 0% 127786
136146
138453
145655
155040
1867872
181758
182546
188794

—13884

January 1088.

@ O.Qﬂ




BARIUM

Bal

56 electrons Z=56
Ground state 1s?2s*2p* 3¢* 3p® 3d% 44 4p* 44" 5¢* 5p°* 84* 'S,
6 'S, 420324 K 1. P. 5.210 volts

The Ba 1 spectrum, like those of Ca1 and Sri, has contributed an important share in
the development of the theory of atomic spectra. Russell and Saunders in 1925 included
Ba1 in their discussion of terms involving two excited electrons in addition to the “regular”
series, White discusses these terms further in his paper on ‘‘Auto-Ionization in the Alkaline
Earth Metals and the Inert Gases.”

The ‘“regular” terms have been taken from Saunders, Paschen-Gotze, and Fowler, with
the revisions suggested by Shenstone and Russell in 1932. The limit is also from this later
paper, which discusses in detail the perturbed series of Ba1. Whitelaw, Langstroth, and
others have also investigated perturbations in this spectrum.

Sullivan and Burns have improved a number of the energy-level values from their accurate
interferometric measurements of Ba1. With these as a start, the writer has prepared a line
list and multiplet array, and revised the decimals of the remaining values for inclusion
here. In the long-wave region she has utilized Meggers’ 1933 data supplemented by his 1935
unpublished observations. Russell’s unpublished material (1933) has also been placed at her
disposal for this work. In this revised list there are approximately 390 classified lines between
2473 A and 30934 A. Observed intersystem combinations connect the singlet and triplet
systems of terms.

The writer has derived the g-values in the table from the Zeeman observations given
by B. E. Moore. The measurements published by Moore (AM/A?) have been divided by the
factor 1.09 throughout, 8 correction factor adopted to reduce them to the theoretical Landé
patterns for a few very well-known lines. For unresolved patterns the formulas for blends
given by Shenstone and Blair, as discussed by Russell (1930), have been used.

A monograph on Ba1 is needed. The existing dats are not homogeneous, ever. though
the spectrum is well analyzed. The complete ansalysis is given in the 1955 Bureau reference

below.
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H. N. Russell, Phys. Rev. 18, 1590 (1930).
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Bat Bai
Coafig. Denig. J Level Interval | Oba. ¢ Config. Desig. J Level Interval
- 6 8 o 0.00 6:(8)8p 8p 'P* 1 | 35898 518
8:08)54 8d D 1 9033 985 | 14, soq [ 058 [| 5dCD)6d od’ G 3 | 23889428 | 1000
2 9215 518 118 4 | 36348 98
3 | 9806 551 381033} ;' a5 5 | 3683750 | 48883
6:08)5d 8d 'D 2 | 11395 883 .00 || 84CD)6d 6’ 'D 1 | 85933 825 | agp £os
3 | 36200 433 | 350 29
1| 1se36 616 | B2 | 1 45
2 | 13614 798 152 || sdeD)ed 6d’' 'F 3 | 3e165 31 1. 50
64(5)6p 6 'P* 1 | 18080 264 .02 || 8540D)Tp TP | 2 | 36234 858 | 74 408
3 | 36511 ses | 315 408
540D)8p 6 F | 3 | 29084 081 | gun 1ry 4 | 87138 084
3 | #9947, 498 | 332 777
s | 23787 077 - 84('D)6d 6d’ %8 1 | 36446 583
5 8¢ 'D 2 | 23062 08 840D)7p Tp'0D* | 1 | 30496770 | 547 54
3 | 370883 | 39784
540D)6p 6p''D* | 2 | 83074 410 3 | 37540 238
5k 58 P 0 | 23200.11 | gm0 g0 540D)6d 6d’' P 1 | 36002 85
1 |248001 | §009
2 | 23018 04 540D)7p P | o [se0801 | g0
1 | 36990016 | 53 98
540D)6p 6p''D* | 1 | 24198057 | guo oo | 0.54 2 | 37982 08
3 | sus3r8%8 | 532473 | 116
38 | 24979 859 132 | 6s08)8 % 8 o | 37041 00
540D)6p 6p P | 0 | 25648167 | 4 gen 54¢D)7p 79D° | 2 |s7077.50
1| 26704 140 | 231953 | 1. 52
3 | 25966 549 152 | sdeDyed 6d’ °F 2 | 37088.844 | (10 1e
3 |ams0e02 | 53208
6208)7s 7s 8 1 | 26160 284 4 |3773223
54¢D)6p 6p'1F° | 3 | g6810 298 100 || 6s08)04 % 8 1 | 37005 492
6408)7s 7 18 o | 2823008 65(8)5f 8f 'F° | 3 | 87888 175
54(D)6p 6p' 'P* 1 | 98654 267 102 || 6s08)8/ st P | 2 | s7395 08| 5, 0o
3 | 37418 067 | 242
6:(8)6d 6d 'D 2 | 30236 815 4 | 87584 184
6s(5)6d 6d D 1| 20005.504 | (¢ one 6s08)7d 7d 'D 2 | 37434 956
2 |307s0.68 | 50751 m
3 |sosig 110 O 1.32 || sdoD)ed 6d’ P 0 |37675.84 | 5.0 58
1 | 38023 22 |347-38
6408)7p P | 0 30743833 | 75 gp9 2 | 38267 67
2 | 30987 277 | 171718 5d0D)7p 7 F° | 3 | 87739.95
0s08)7p 7p 1P° 1 | s2547. 078 107 || 6seS)9p 9p 'P° 1 | 87774 60
540D)7s 7¢' D 13280499 | 00 o) 5d0D)6d 6d’ 1D 2 | 37837. 40
2 | 3204360 | 13881
3 | 33526 41 640'8)8d 8d D 137961919 | 15 org
z |37974101 | 12272
5d0D)7s 7¢ 1D 2 | 3379584 3 | 37988 485
6s08)8s 8 1S 1 | 33905 349 5d(D)6d 8d’ 'G 4 |3s177.10
6 6p* '8 0 | 3437078 6s(S)9s 9s '8 0 | 38267 59
[ 6p* P 0 | 34493 898 540D)7p 7p’ 1P° 1 | 88499 85¢
1 | 34823 420 | 320.522 | | 53 P
2 | 35616 947 156 | 6s08)8d 8d D 2 | 38556 18
6408)4f f P | 2 | 34808802 | 1300 |0 415108 10s 8 1 | 38662 91
3 | 3010688 | 13281
+ | 34630 809 .18)8f of F° | 2 |38815.785 | , s
3 |sss1s 418| 2059
8s08)4f af e | 3 | 34738 423 0. 1 | 38825 265
op 6 1D 2 | 35344 423 1.21 || 8s08)6f 6f 'F° | 3 | 3888400
6s08)7d 74 D 1 | 35709. 308 6+08)9d 9d D 1 | 30140 70
2 |3s762211 | 52903 2 |[3o1s57.8 | 119
3 | 35785 302 3 | 30185 75 .
® L ® o o
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Ba I—Centinned Ba I—Centinued
Config. Desig. J Level Intesval | Obe. ¢ Conflg. Denig. J Level Interval | Obe. ¢
8:(38)10p 10p P* 1 39308. 74 Ge(*8)12p 12p 1P° 1 40481. 23
Gs("8)0d od D 2 30334 94 0:(8)9/ 9of 'Fe 3 40814 15
6:("8)11 11s 8 1 30634. 60 64(8)9; 9f F° 2 40814 16
(8)11s . 08)9f / 3 |4oesrs0 | T8
6(*8)7f 7 F* 3 39675. 06 258 4 40887. 78
3 39650. 63 240
4 39683. 08 6s(8) 10/ 10f *F° 2 40896. 87 3 43
3 40898. 69 ~1.62
8:(8)7f 7 P 3 39705. 11 4 40897. 07
84(*D, F? 3 897685. 31 Ge(*8)1 1 SFe 4 41098. 50 -
eDMt | 4 2 )11 v § |fioese | —am
4 2 41100. 86
8:(*8)10d 10d *D 1 30802 19 Gs(*8) 13/ 127 °F* 4 41847, 58
3 |aseass | 2N 08) 3 |04 | 334
3 $0008. 15 2 41850. 56
. 451 Gs 1 1 F* 4 41384. 88
or 3 | 39906. 45 (8))1%/ ¥ s |4 ”i A (%
Gs(*8)11p lip P* 1 39984. 76 2
6s(18)8f 8 F° 2 40%38. 91 2 46 6s(38) 14f 14f 'F* [ 4,8,3 | 41456.78
3 40841. 87 265
4 40844. 08 6s(*8) 15/ 18 SF* | 4,3,2 | 4156%0.05
Gs(*S)8&f 8 e 3 40867.68 | 00 | ceeeemeccccaac]icmmceicie e
8s(*8)11d ild D 1 Ba 11(*8ug) Limit |....... 42082 4
2 40380. 32 2 36
3 40882 68
December 1955
Ba 1 Osszrvep Tarue®
Confi tion
18® 282 2p* 30 3p* 3a** Observed Terms
40 4p* 4d" 5e! 5p*+
Gs? 6s? 18
543 P
s 5 1D
6p* P
o opis 7 6p* 'D
ns (n27) np (n26)
7-11s 8 6, 7p 'P°
Gs(B)nz 7- 9 18 6.125 1p°
8d(D)nz’ 7¢ D 7p’'P° 6, 7p’ D° 8, 7p’ 'F°
(Dyn 7:' D %.7:' 1IP° 6, 7:' iD° 6.7;' L o
nd (n>5) nf (n2>4)
Ge(*B)nz 5-11d *D 4-15f SF°
5~ 94 'D 4+ 9f 'F°
5d(D)nz’ 6d’'38 6d' P 6d’ 3D 6d’'F 64'G 4 F°1
6d’ 'P 6d’ 'D 6d''F 6d''G
*For predicted terms in the spectra of the Ba 1 isoelectronic sequence, see Volume 111, Introduction.
L ® ¢ L ® ® [ ] o
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(Cs 1 sequence; 55 electrons) Z=58 @
Ground state 15 2s* 2p* 3¢* 3p* 3d™ 45* 4p% 4d™ 54 5p® 6s "y ®
60 By 80686.87 K I. P. 10.001 volts
Although the early work on this spectrum has been revised and extended, s monograph on
Bs i is needed. The series are well known, but the observed wavelengths are heterogeneous
and do not give precise level-values throughout.
The analysis is from Rasmussen, supplemented by additional series members reported by
Saunders, Schneider, and Buckingham. Interferometric measurements have been made for
s few lines of Ba 1. Sullivan and Burns have utilized their observations to derive improved
values for six terms. With these as a start the writer has sdjusted the decimals of other terms
from the wavelengths given by Rasmussen. Rounded off entries in the table are from ultra-
violet measurements in the 1934 reference.
The limit is from the *G series reported by Rasmussen. He notes that the *F series ex-
hibits perturbations such as are well known in Al
Approximately 85 lines are classified between 1397 A and 14000 A.
The observed g-values entered in the table for 62 *Sg, and 6p *Psy have been determined
at the National Bureau of Standards from Zeeman spectrograms on which the line at 4934 A
appeared as an impurity. The other g-values have been derived by the writer from observa-
tions of the lines at 5854 A and 6141 A, reported by Back; and from those given by Moore.
REFERENCES
B. E. Moore, Ann. der Phys. [4] 28, 314 (1908). (Z E) )
A. Fowler, Report on Series in Line Specira p. 137 (Fleetway Press, London, 1923). (T) (CL)
E. Back, Ann. der Phys. (4] 70, 360, 363 (1923). (Z E)
E. Rasmussen, Zeit. Phys. 83, 404 (1933). (I P) (T) (C L)
F. A. 8aunders, E. G. Schaeider, and E. Buckingham, Proc. Nat. Acad. Sci. 30, 291 (1934). (T) (CL)
F. Sullivan and K. Burns, Sci. Studies 9, 7 (1941). (T) (CL)
J. E. Mack, Rev. Mod. Phys. 22, No. 1, 64 (1950). (Summary hfs)
Ba 1t Banl
Config. Desig. J Level Interval | Obs. g Config. Desig. J Level Interval | Obs. ¢
Gs 6s 8 0 1.974 5pA(18)7d 7d D 1 59800. 31
:::::))54 5d 1D 1% 487: go 0.79 " 2§ 50804, 98 e
2% | s s34 | so09m | 3T 5pV(8)8p 8P | 0% | a1508 300
5pr(18)6p 6p 1P° 0% | 20261. 562 0. 672
1 | 21969, 429 | 1090.860 | ' 59 5908)59 501G {2% Jesozs. 53
5p%(18)7s 7s 18 0% | 42355. 182 1. 98
spr(18)6d 643D | 1% | 45049, 406 0.79 s OO M| Gleer op | 00T
2 | 46154.80 | 20539 | g '
5p*(18)9s 9s 18 0% | 65683. 41
Sp(8)4f of e | 2% | 48268.500 | 59, 70 : 8D | 1% | ee67a 80
3% | 48483. 20 S C88d 24 | Garas 41 | Lo
7 7p P° 0 390. 05
SweaTe ’ 1% Sorr a8 | o217 5°(8)8g 69 :G {3}’2 }68425. 87
185, 5f *F° 2 57390. 98 ]
ey / | Srasr oy | emt ee U B Goseb gy | 4870
5p*('5)8e 8s 18 0% | 58025. 18 5p(8)10s 10s 18 0% | 70014. 72
°® ® e ) ® ° ® o o
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Ba 11——Ceatinued Ba 1—Continued
Config. Desig. J Level Interval | Obs. g Config. Desig. J Level Interval | Obs. g
Spr(8)0d WD | Tl | e 5p08)%9 o:c ({3 lrs2ae 00
L 706 |{ 3% 171682 38 SPOBNY | dof e | 24| 748 13
5p*('8; 1Fe 24 | 7214272 5pA('8) 124 12¢ 'D 1%
A o 3% | 7817019 | 34 . 2% | 75045. 85
5P‘<‘5”: 1;’1 O: ::72533 5810y | 109G {3 (176270, 64
5p¢('S) 1 10d ? 1 101. 90
P 2% | 7312223 | 2033 SPOS)NY | 11f F° | 2% | 78418 16
3% 3% | 76429
Spi( G 73795. 84
P('8)8¢ g (U sredty | 1196 ({3 rross
p(S)ef of F | 2% | 7409100 | |y 00
3% | 74108. 98 spS2g | 193G {3 177628
5p°(18) 124 12538 | 0% | 74491, 51
5p0(18)11d 114%D | 1% | 7476578 | a0 | 1 . {TTUTTTTT R
P 3| Tt ce | 1% Bam(8) | Limit | .. 80686. 87
February 1954.
Ba1v
(I 1 sequence; 53 electrons) Z=56
Ground state 1s* 2s* 2p® 357 3p® 3d'° 4s* 4p* 4d" 58* 5p° 2Py
5p* 2Py K L. P volts
This spectrum is very incompletely analyzed. Fitzgerald and Sawyer have reported the 22
levels in the table. These levels account for 53 classified lines; 13 between 570.1 A and 740.0 A,
and 40 between 2220.15 A and 4591.72 A. The writer has labeled the third level, 5p* *S, by
analogy with Xe 11. The authors state that the levels in the middle group are probably from
the 5¢* 5p* 5d and 5s* 5p* 6s configurations, whereas the higher odd levels, 196000 K to 198000 K,
are probably from 5s* 5p* 6p.
REFERENCE
M. A. Fitzgerald and R. A. Sawyer, Phys. Rev. 48, 576 (1934). (T) (C L)
Ba Iv Bs 1Iv
Config. Desig. J Level Interval Config. Desig. J Level Interval
587 5 5pt :p° 1 0 2 158998
4 4 o 17830 | —17830 #
2% 163254
58 5pb 5p° 18 0¥ 152963
1% 175431
2% 154481
2% 175926
3% 154631
0% 2% 196549
(i"}:f 156738 2% 197604
3% 197698
£} 157656
1% 197711
0% 157741
1% 198005
2% 158170
2% 198758
2% 158444
2% 198889
3% 158750
January 1954.
[ ] ® ® ® @ @ ® o
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LANTHANUM
ILal
87 electrons Z="57
Ground state 1s* 2¢® 2p* 34° 3p° 3d™ 40® 4p* 4d" 54 5p* 5d 64° Dy
6 Dy 4523 K L. P. 5.61 +0.03 volts
The analysis is from Russell and Meggers and is based on Meggers’ obeervations of Zeeman
effects and wavelengths, which cover the range 2647.13 A to 10954.6 A. There are 540 classified
lines. Observed intersystem combinations connect the doublet and quartet systems of terms.
The analysis is well confirmed by the 1932 Zeeman observations, but the earlier measure-
ments have since been largely supplanted by further study at the Massachusetts Institute of
Technology. All but eight of the g-values in the table are from the 1845 reference.
The limit is from three series of two members each, namely, 6, 7s *F, 6, 7s °F, and 6s* ’D,
7s‘D. By comparison with Ca 1, Sr 1, and Ba 1, the authors introduced a correction to the dif-
ferences of the Rydberg denominators amounting to 4n*=1.060 for the ‘F and *F series, and
An®*=1.010 for the D, *D series.
The authors point out the significant fact that the electron configurations of the lanthanum
atom anticipate “the atom building process which accounts for the rare-earth elements.”
REFERENCES
W. F. Meggers, Bur. Std. J. Research 9, 239, RP 468 (1932). (Z E)
H. N. Russell and W. F. Meggers, Bur. 8td. J. Research 8, 6235, RP 497 (1932). (I P) (T) (C L) (G D)
(2 E)
Q. R. Harrison, N. Rosen, and J. R. McNally, Jr., J. Opt. 8oc. Am. 38, 638 (1945). (Z E)
R. A. Fisher and F. Eshbach, unpublished mnhrhl (March 1954). (C L)
H. E. Walchli, A Tabls of Nuclear Moment Data, Osk Ridge Nat. Lab., ORNL-1469, Buppl. II, 30 (1955).
(SBummary hfs)
Lal Lal
Config. Desig. | J | Level | Interval | Obe. g Config. Desig. | J | Level | Interval |Obe. g
5d 68 D 1 0. 00 0.798 || 5d 6s(a®D iF° 1% | 13260. 36 0. 93
* 3 | ws320| 105320 | PR e 34 | 13091 08 SR Lo
3% | 15019.65 | 1599 70 | 1- 23
5d*(a *F)Gs a‘F 1% 2668. 20 341. 81 0. 465 44 | 16243. 25
2% | 3010.01 - 1. 030 . e
3% | 3404 58| 48457| 35 || Sd6sa'D)p | 5D 0% | 14096.70 | g1 24
4% | a13161| 63703 338 | sy | Tam
3% | 16099 28 | 59561
Shlate F || Bexls| e | P38 | 5 eian) e | 2% | 14804 10 108
' e | 1% | 16031.65 | —227-88 | g 917
5d*(a *P)6e a'P 0% | 7238136 [ ,.0 ;0| 2648
5d 8s(a 'D, F° | 2% | 16196. 80 0. 908
| M| lgads | L74 @D T | dessa s | Lo 1Ty
8e*(a '8)6 1por 0 15219. 90
5d*(d 1D)6s D W S m| 7| 032 (a6 f 1;2 16280. 20 | 1060.30 | 4 329
5d8s(a3D)6p | yIF° | 2% | 16856. 88 0. 810
8d*(a 'P)6s P 0 0044, 21 0. 690 1053. 36
(a °F) e 1% 9044211 ers23 | 259 3% | 17910.18 1. 086
5d 6s(a 3D)8p T o 0% | 17667. 66 229. 74
5d%(a 1C)6e G 4 9919 94 1132 1% | 17797. 30 -
('@ ¢ 5| Seaos| —uoz|gal 3% | 1hier 00| 3970, 135
® ® ® ® o L ®
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La —Centinuned La I—Continned
Coonflg. Desig. J Level Interval | Obas. ¢ Config. Desig. J Level Interval | Obs. ¢
5d(s 'F) $G* | 3% | 1704718 1.063 || sad D)oy w'P* | Ol
hd 3% | 1860806 | 952781 1051 14 | #7225 27 1 338
A% | 19129.34 | 22331 1173
5% | 20117, 40 1.290 | 5&(1D)6p WP | 2% | 9739300 | o4 5 |0 888
3% | #8039, 64 L13
846ea'D)0p | yD° | 1% | 18179.39 | 200 o5 | O 803
3% | 19879 44 g 1. 186 o 0P | 2% | £7669.38 | gra 49 | 0.87
5d 6e(a 'D)6p e | 1% | 20019. 00 1. 020 3% | #8548 10 100
a v , _ .
0% | 20197.38 | ~178.38 | g g0 5° | 1% | 27749.06
3d(a 'F)6p yF° | 1% | 20083 08 0.731 | 54( 'D)6p wiD® | 1% | 97968 53 0. 836
3% sossz 30| 33| 1o13 2% | #3506, 39 | 53788 | | 29
3% | sores. 31 | ARO01| 1178
4% | #1384 06 1278 | SP(a'P)4f wD* | 0% | 2889347 | 500 0g | 000
5d%(a *F)86. W | 3K | 20972 99 0 804 %}}2 sobon 13 | 30284 |1 2%
a p s , .
3% | s1662.61 | 09039 | ¢ ggs5 3% | 29894 91 | 39274 |y 352
5d(a *F)6p 3G | 3% | #1447 98 1.103 4f o'D° | 1} | #8971 88 071
4 | 2008585 | 798| 5 2is | 8977657 | 80375 | | 253
5d(a ’F)6p yD° | 0% | #2m46.64 | 00 4q1-0.220 33 20461. 33
1% | 22439 37 | 102731 1 109
2% | 2250426 | 304391 1 362 6° | 0% | 29564 92
3% | 83308 31 - 1183
342 29594, 81
1° | 3% | 23221 16 1.078
5(a SF)7s ¢ F 1% | 20874.89 | 470 43
5d%(a 'P)6p 218° | 0% | £3260. 90 1.89 2 | 3035432 | #7943 1¢ 03
3% | 31059, 60 | 0% 37
20 | 4% | 23466.85 1.12 44 | 31923 90
S (a 'P)ép 3D° | Ol | 2362838 | no a0 0152 7° | 1% | 29936. 73 L 492
g | ssro£7e | 118381 4 135
24 | 24046.00 | 41301 1 277 8° | 1% | s0417. 47 1. 533
3% | #5083 49 - 1379
5d(a 1G)6p atF° | 2% | 3078840 | |74 4o | 1043
3° | 2% | 29649 42 1 16 3% | 30984 82 116
54 8s(a'D)4f | wiF° | 2% | 23875 00 0. 957 9° | 2% | 30896.88 1. 424
3% | 8440970 53470 {17 I - 2% | 3111008
(3 ] L ] ).
e 1% | 24178 88 0.72 3% | 32108 58 | 989.50
OIFr | 2% | 24507.89 | guo on | 1150 || 5d6e(a’D)Ts | oD 0%
3% | 25378, 46 . 113 zlvé
5d*(a *P)6p 548° | 1% | 24639. 27 1. 781 3% | 31287 65
5d(a 'F)6p 2D° | 1% | 24762 62 0.855 || 4f riFe | 2% | 81477. 18 092
2% | 26218 85 | 45563 | o4 3% | se140.60| 9063441 1g
5d(a F)4f ZiF° | 1% | 24910. 39 0.724 || 5&(a’P)ép wiD® | 1% | 81751. 68 0. 80
2% | 2498138 | 13941 1 063 2% | ses08 80 | 74112 | 145
3% | 26380.33 | 39800 1 298
1% | 25997, 87 : 1319 || Sd(a'P)ép vP° 0% | 3229025 | g1 0s | 0.70
1% | 33204 20 1.27
5d%(a 'G)8p 2 H° 4% | 25089. 50 785. 18 0. 94
5% | 86874, 68 - L11 || 5d%a'G)4f yUH® [ 4% | 3840076 | 1006|092
5% | 32518, 12 -36 | 11
5d6a(a'D)ép | z'P° | 0% | 2646292 | o0 47 | 0.985
1% | 25960. 39 1433 35 33286. 50
31 25568. 49 10° 36722, 38
5d(a 'P)6p yP° | 0% | 25816 90 2612 | 229 11° | 3y | 87781 90 1.18?
14 | #5843 08 | 28121 7 600
2% | 26388, 90 1 524 12°7 39597, 68
32 5% | 25881 53 13° 29631. 27
3d3(a IF)4f yiG° |21 | #roee 60 0. 57 14° 40822, 46
3l | 745584 | 32T g 976
1l | esoss 18 | 33841 1159 15° 40343, 40
554 | 2578 21 - 128
Sd(a 1G)6p y1G° 3% | 2713260 | ,on qo | 094 || T UTTTTOTET T ITNTIIITm
4% | 27619 89 - 112 Lan(a’Fs) | Limit |.___. 45293
February 1955
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(Ba 1 sequence; 56 electrons) Z=57
Ground state 1s* 2s* 2p* 32 3p* 3d'° 44* 4p* 44" 54 5p* 54 °'Fy
o'F;, 2240 K L. P. 11.434+0.07 volts

Meggers’ observations from 2142.81 A to 10954.6 A have resulted in the classification of
728 lines. The extensive analysis by Russell and Meggers is of particular interest because
the study of La1, Lai, and La i1 “shows that the atom building process which accounts
for the rars-earth elements is actually anticipated in the electron configurations of the lantha-
pum atom.” In addition, La i1 “is the most completely developed example of a 2-electron
spectrum which has yet been inveatigated;” at least ten types of configurations arc known
‘“and almost all of the terms arising from each.”

The Zeeman observations available in 1932 were extremely useful in assigning the term
designations, but have since been improved and extended at the Massachusetts Institute of
Technology. The g-values in the table are from the 1945 paper.

The dubious 'D, term at 64706.76? has been rejected.

The limit has been derived from the ns !?D series (n=6,7) having the limit 54D in
La 11, and the nd *D series (n=>5,6) having the limit 682S. The term a*D is used in both,
since a 'D and a D, belong to both the 5d(*D)6¢ and the 6s(*S)5d configurations. In deter-
mining the limit the authors have assumed the difference in the Rydberg denominators,
An*=1.05 for & running s-electron and 1.15 for a running d-electron, by analogy with Ca1,
Sri, and Ba1.

The authors ascribe two triads *P°D°F° and 'P°D°F° to “6p 5d” clectrons. In assign-
ing limits these electrons could belong wi:. either of two limits, namely, 6p(2P°)5d or 54(3D)6p.
Since the *D limit term is the ground ({..m in La 11 and the ?P° limit is 42014 K above the
ground term, the triads are bere entered with the lower limit.

Observed intersystem combinations connect the triplet and singlet systems of terms.

REFERENCES

W. F. Meggers and K. Burns, J. Opt. Soc. Am. and Rev. 8ci. Instr. 14, 449 (1927). (hfs)

W. F. Meggers, Bur. 8td. J. Research 9, 239, RP 468 (1932). (Z E)

H. N. Russell and W. F. Meggers, Bur. 8td. J. Research 9, 625, RP 497 (1932). (I P) (T) (CL) (GD) (Z E)
G. R. Harrison, N. Roeen, and J. R. McNally, Jz., J. Opt. Soc. Am. 35, 658 (1945). (T) (Z E)

K. Murakawa, J. Phys. Soc. Japan 9, 391 (1954). (hfs)
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Config.

<
Sy

Desig. Level Interval | Obs. g Config. Desig.

Level Interval!

Obs. g

5

5d4(*D)86s
8d(*D)6s

5@

7473. 32
10094. 86

aF Q.00 | 01610 | 0721 5d a1G
1016 10 | 191630 | 1" 083

1970. 70 1. 248 5 61D
1394. 46 0.977 6e(33)4f 2 9F°
1895. 15 0. 498
260160 | 590451 7 133
3250. 35 - 491 1.334 63(28)4f 2 1F°
5249. 70 . 0/0 5d(D)4 21G°
571812 | 45822 | 1 497 /
6227, 42 - 1. 481 5d(D)4f y 3F°

7394, 57 0/0

aiD 16698. 74
16778. 77

a’P 16598. 17

C N~O W= N kN
MW B O RN N e

19214. 64

14147. 98 297. 19
14876. 17 1323 57

17211. 93
o 1023. 63
13236. 68 978 98

1. 000
1. 005
0. 664
1. 056
1. 247
1. 017
0. 969
0. 754

1. 232
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La 1—Continued La 0—Continued
Config. Desig. J Level Interval | Obe. ¢ Config. Denig. J Level Interval | Obe. ¢
5d0D)4f s'H° | 4 | 1788569 0 846 840D)6d 113G 3 | 52857.88 0 861
5 | 18880 41 | 1479 | 1 017 4 |s333a37 | (4784911 cas
6 | 19749. 68 1. 1787 5 | 54434 65 . L21
540D)4f 4'D° | 2 | 18896. 41 0923 540D)6d «'P 1 | 53302 56 1.335
5d(D)4f £3G° | 3 | f0408 88 0. 757 540D)6d JF 2 | 53885 24 o 751
4 1sssre0| 8| a9 3 |54840.04 | 35439 | 1 088
5 | 20888 90 -30 [ 1197 4 | 55321 35 - 1. 136
540D)4f $9D° | 1 | 244178 | ge o9 | 0542 540D)6d e 1 | 54365. 80 1. 485
3 | #0600 | 3329|1107
3 | 22537, 30 -28 1 ) 288 540'D)6d ) 0 | 54793 82
54(D)4f s P* o | 828870 0/0 54(D)6d ¢ P 0 | 54964 197
1 |ee705.15 | 2431 1am 1 | 5523033 | 298141, 552
2 | 23246 98 -78 | 1 459 2 | 56036. 60 1. 203
54('D)6; yD° | 3 | 24402 66 0 887 4 ¢ 'H 4 | 55107. 25 0. 883
P 5 |ssos200 | S74% 11 033
5d(D)4f y 'F° 3 | 84502 70 1. 034 6 | 56837 94 L 14
5d0D)6p yD° 1 | 26973.87 | 1414 74 | 0782 5d(D)éd ¢'D 2 | 55184. 05 1.183
2 [ersssqr | 1415701 1168
3 | 28315 26 - 1. 308 540D)6d 711G 4 | 56035. 70 1. 027
54(*D)6p 2 F° 2 | 2641401 0. 825 1° 3 | 67364 18 107
3 | e6837.06 | (42385 1 0ss
4 | 28565. 40 . 1. 245 ap ¢ 'F 2 |57309.58 | 41000 | 0.675
3 | 5791850 | 2189% |1 085
54(0D)4f 1 P° 1 | 27428 91 0. 876 4 | 58259, 41 . 1. 196
54(D)6p y3P° 0 | 27545.85 0/0 2° 4 | 68748 90
1 | 28154 65 | 59870 | 1267
2 | 29,98 05 1. 471 ap G 4 | 50527. 60 1. 046
5d(D)4f s He | 5 | 28595 v 1. 004 3° |23 5961804
54(D)6p v 1P° 1 | s0sss. 38 1074 || ap A'D 2 | 59800 08 1. 035
|
62(*S)6p zP° 0 | 81785 82 0/0 L 6p /P 0 | 60094. 84 o/o
1 | 3e160.99 | (15171 {00 | 1 6112883 | 193398 | 508
2 | 38204 41 L494 2 | 62506. 36 - 1416
5d(D)6p z 1F° 3 | 82201 05 1. 005 ‘| 1° 4 | 60744.17 1.25
t
6p(AP°)4f e 3G 3 | 35452. 66 0.876 | 5° 3,4 | 681017. 66
4 |3nzz7e | 17201310 427
5 | 30018 74 121 6 | 3,4 6161448 0. 977
6pCP%)4f e 'F 2 | 35787.53 0.719 5p i D 2 | 62026.27 1. 054
3 |36954. 65| 39712 | 1 061
4 | 37790.57 1 113 ap el 6 | 62408 40 1. 003
6p0P°)4f ¢ 'F 3 | 3720071 0. 944 s 9P 0 | 63463.95 | 30 a | 0/0
1 63703. 18 57'5‘ 74 1. 471
6pOP°)4f ¢ 3D 1 {38534 11 | g0 6o | 0497 2 | 64278 92 : 1414
2 3822149 | 731282 1071
3 | 39402 55 1. 274 7° 4 | 63598 87 1. 205
8p(P°)4f ¢'G 4 | 3022165 1. 059 850S)6d 3D 1| 6436128 | oo 6o | 0.506
2 64529, 90 162. A9 1. 217
6pOP°)4af e'D 2 | 40457.71 1. 036 3 | 64692 59
8s(15)6p z 1P° 1 | 45692 17 0.999 | 8° 3 eyt oy 0. 97
540D)7s 1D 1| 49733.13 | g0 5o | 0.500 || 6p? 18 0 | 66501 91 0/0
2 |4988135 | 1% 2217 .
3 | 51228 57 1.315 || 6peP°)7p? D 1
| 2
5d(D)7s 71D 2 | 51523.86 103 | 3 | 69233 90
5d(D)6d 7F 3 | 52137.67 0.987 Ij an 'S 0 | 69505 06
5d(*D)6d 9D 1 | 52169, 66 0. 621 ‘ .........................................
2 | 52734, 81 ggi- .},g 1. 154
3 | 53680. 56 - 1.218 l Lam(Dyy) | Limit ... 92240
March 1954.
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*For predicted terms in the spectra of the Ba1 isoelectronic sequence, see Vol. i, Introduction.
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(Cs 1 sequence; 55 electrons) Z=57
Ground state 1s* 25 2p* 38 3p* 3d' 44® 4p* 4d™ 5s* 5p* 54 D,y
8d Dy, 154830 K I. P. 19.17 volts

The analysis is from Russell and Meggers, who have extended the earlier work on La 11,
Lang has added the 5f F° and 82 *S terms from his observations in the short-wave region.
Fifteen lines between 1081.61 A and 3517.14 A have been classified. The limit is from the
6, 72 'S series. In deriving it, Russell and Meggers have assumed that An*=1.050, by com-
parigon with the run of Rydberg denominators in related spectra from K1 thru Ba.

Gibbs and Shoepfie have reported that from additional observations between 500 A and
2100 A they have extended the ns *S and nd *D series to six members, and located more P° and
possibly ?F° and *G terms. Thay also confirm the above limit. Unfortunately, their new terms
are not available for inclusion here.

REFERENCES

N. Russell and W. F. Meggers, Bur. Std. J. Research 9, 625, RP 497 (1932). (I P) (T) (C L) (Z E)
J. Lang, Canadian J. Research {A] 13, 4 (1035). (C L)

R. C. Gibbs and G. K. Schoepfle, Phys. Rev. 48, 747 (A) (1934).

J. E. Mack, Rev. Mod. Phys. 23, No. 1, 64 (1950). (Summary hfs)

Lam
Config. Desig. J Level Interval Obs. ¢
(18)5d 54D 1% 0. 00
W . 2% 1603.23 | 16032
5p5(85)64 6s 8 - 04 13590. 76 2 10
5p5(19)6, 6pP° 0y 42014 92 0.63
P(8ep P 1% 4511064 | 3095.72 137
3P(8)Ts 7s 18 0% 82345. 0
5p%('S)6d 6d D 1% 82378. 75
P 2i 82812, 51 433.76
5p5(8) 5 5f IF° 2% 92454. 6
S / 3% 98534 6 80.0
5p°(8)8s 8s 18 0% | 113498
La 1v(Sy) Limit |._...._.__ 154630

April 1954.
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HAFNIUM
Hf:

72 electrons Z=T2
Ground state 18* 25* 2p* 3s* 3p* 3d'° 4s® 4p* 4d'° 4" 55* 5p* 542 65 °F,
682 'F, K 1P volts

The analysis is by Meggers, who has made a supreme effort to submit his results for inclu-
sion here just as press copy for this Volume is being concluded. The work is not completed.
He plans to make further observations in the shortwave region and to continue the analysis
with the aid of electronic computers.

The present line list extends from 1917.73 A to 12043.08 A, and is based on recent observa-
tions made at thc National Bureau of Standards, by using microwave-excited quartz tubes
containing hafnium iodide, as light source. The Zeeman Observations (2600 A to 5000 A)
are from spectrograms taken at the Massachusetts Institute of Technology, supplemented by
observations (to 8700 A) at the National Bureau of Standards. At present there are
approximately 2000 classified lines.

Meggers has pointed out the unique character of the Hf 1 energy levels. The two sets of
levels ““odd” and ‘“‘even” overlap throughout their entire range. This dovetailing of the two
sets is so pronounced that it causes confusion if all levels are arranged in numerical order.
Consequently, in the table the two sets are listed separately, with the “‘even” levels preceding
the “odd” levels.

The large number of “‘even’’ levels for which no term designations can as yet be assigned
suggesta that the configurations 5d*, 5d° 6s 6d, 54 6s 7s, and possibly 5d? 6p* are all represented.

No series can be established with certainty from the existing data. By comparison with
neighboring spectra it appears likely that the ionization potential may be near 7 volts, thus
placing the limit near 56500 K.

REFERENCES

W. F. Meggers and B. F. Scribner, Bur. 8td. J. Research 4, 169, RP139 (1930). (T) (CL)
W. F. Meggers, J. Opt. Soc. Am. 44, 348 (A) (1954). (Z E)

D. R. Speck and F. A. Jenkios, Phys. Rev. (2] 101, 1831 (L) (1956). (hfs)

W. F. Meggers, unpublished material (June 1957). (T) (C L) (Z E)

Hf1 Hf1
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Config.

<

Desig. J Level Interval

[=}
g

Config. Desig.

Level Interval

Obe. ¢

5d* 6a*

alF - 0. 00 2356. 68 5d 6e* alG 10532, 54

2356.68 | 3310 96

a’P

a'D

woIn

=0

4567. 64

5521.78
6572. 55
8983. 76

5638. 62

1050. 77
2411. 20

555 32

Lk ol =]

1. 165

54(b *F)6s

53 (b ‘P)6s

a‘F

a P

[SICTO R T CYCYERY

14092. 28
14740. 68
15673. 33
16766. 60
17901. 28

20784. 87
20808. 42
22199. 08

648. 40
932. 65

1134. 68

123. 56
1290. 66

et et (Dt
sarse g

1. 74

¢ ofe @
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Hf 1—Continwed Hf 1—Ceatinned
Conflg. | Desig | 7 Leve | Interval | Obe.g Desig. | 7 Level | Interval |Obs.g
3P0 ‘1t »r 3 |3 | _ 000 3 | 4328090 118
|| mu 4 | 42070.81 1.2¢
SP( )6 5 | 24088 14 3 |aness 119
2 | 25084 14 1 | 4278385 1.53
3 | 2528181 2 | 4301647
s | 25678 60 3 | 43480.28
3 | 2871837 1 | 4386170 147
1 | 26018 14 4 | 43838 30 1.30
s | 270740 50 5 | 4413199 1. 40
2 | 28200 54 2 | 44375 42 138
1 | 28s27.97 4 |0 138
2 | 30148 40 3 | 45083 28
3 | 31054 64 1.09 2 | 4535001
2 |[sme20 0.89 1 | 45270.13
2 | 31619.97 1.03 3 | 45364 84
1 | 33001 59 116 1 | 4547460 141
1 | 34901 64 0.50 3 | 45649.36 1.18
2 |ssus.28 111 2 | 45728 62
3 | 3652884 1.26 3 | 45904. 60
2 | 3708883 1. 061 2 | 46056. 21
1 | 37386.20 0.48 2 | 46183.08
2 | 38280 38 1.09 3 | 46280.26
3 |8 e 1.31 4 | 46282 34
1 | 39386 19 0.22 2 | 48437.72
1 | 39546 34 0.8l 2 | 48860.75
2 | 39788 89 102 2 | 46961. 96
1 | 3879070 0.58 3 | 46966.61
0 | 30843 87 4 | 4699238
2 | 40130 23 121 2 | 47304.97
2 | 40513 55 111 3 | 47345.93
1 | 40618 62 1.50 4 | 47606.21
2 | 40636. 26 1. 077 2 | 41702 41
3 | 40882 06 1.23 1 | 4787414
2 | 4121108 1. 45 3 | 47938 44
2 | 41208 36 0.83 4 | 48022.20
3 | 4147584 1.27? 3 | 48049. 43
3 | 41730.36 1.33 1 | 4812057
8 | 42061 59 3 | 48319.05
1 | 4211170 4 | 48356.90
4 47588 1. 30? 2 | 48407.27
4 |42283.48 1.34 2 | 48504 84
o ® ® ® |

¢« ofe @
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Hf 1—Centinued Hf 1—Continued
Config. Desig. J Level Interval | Obs. ¢ Config. Desig. J Level Interval { Obe. g
3 | 48508 99 5PG(dD)6p | s'D° | 2 | 31610 80 1.00
2 | 48708 40 2 | 31943 84
3 | 48800. 77 58 Ga(a‘P)8p | zP° 1| 81968.25 | | 00 ,a|2080
2 | 83121 48 6023 | 1345
3 | 48869 43 3 | 3313912 S04 | | 442
4 | 49008. 35 3 | se588 30 0. 950
5 | 49540. 65 1 | 3s197.87 0.775
4 | 49623 40 2 | 3%638. 15 0. 822
3 | 4970186 3 | 33949 28 1.09
4 |s0sez:n 4 | 33994 71 1. 04
5 | 51408. 65 2 | 33994 86 0.93
1| 34696 45 0.972
5 6e(b’D)6p | 13D° 1| 14017.83 | o14n 53 | @35 4 | 84806. 89 0. 997
2 | 1616536 | 34583 (117
3 | 18381 49 129 3 | 34877.04 0. 960
5@ 6s(b'D)6p | &F° 2 | 14436 13 106 55 | © 89 2 | 8494795 1. 16
3 | 1is4res | 98581108
4 | 18884 99 124 1 | 85284 38 1. 055
5P 6:(a'F)8p | 29G° | 2 | 18011.05 | 98, g4 | 0.40 3 | 35468 89 1. 002
3 | 1929569 | 128198410 95
4 | 2096009 | 138740 18 5 | 35998 70
5 | 22501 34 25|yl 25
6 4 | 36075. 02 1.07
52 6s(b'D)6p | s'P° 0 | 1887011 | _yp6 74 | 0-00 3 | s6es7. 34 1. 042
1| 18143.87 | A28 741 143
2 | 19791, 30 -3 1 54 5 | 36419 26
5P 8s(a‘F)6p | 2F° 1 | s1738.70 71186 | 004 3 | 36609. 85 1. 265
2 | 82450 56 L8100
3 |#s448e1 | 398931120 2 | 38772 85 1. 156
4 [a4ss.es | 1339821433
5 | #6202 53 - 1.36 4 | s6s50. 08 109
54 8e(b3D)6p | z'F° 3 | 23844 74 1. 075 1| 36949 29 0.53
194 47 -89 |y
§ 25634 #1 3{;!19- ;; } :go 1 38151. 71
26305, 78 . :
4 | 27516 41 | 121083 | 1475 2 | 38326 47 1. 154
52 8a(b3D)6p | z'P° 1 | 26463. 93 1. 000 3 | 88407.80 1.29
5 | 38846.
50 Gs(a *F)6p yF° 2 87149. 64 504. 68 1. 00 45. 44
3 | #7655 38 | 008881 1153 4 | 38987 883 1. 14
4 | 30783 82 128
oo 3 | 89081 86
58 6e(atP)8p | y? 0 | 252819 | _ 0. 00
1 | #7638.75 | 992 A | 1 266 3 | 99193.81 1.29
2 | 29401 44 -89 | 175
2 | 39435 20 1. 357
) o
5P 6e(a’P)Bp | 238 1 | 28047. 91 1. 94 R 0. 625
5P 6e(a‘F)6p | yoD° | 1 |28790.85 | _ 0. 96
2 |sse7.39 | 5228014 145 2 | 40194 46 0.510
sPee(a‘Fibp | s3G° | 3 | 28583 69 0.95 1 0704. 12 115
4 |somi5.05 | (30298 o7 40704
5 | 30976 99 121 3 | 40767 44 122
5P 6e(e*Piep | y'D° | O 2,37 | 40967. 54
2 | 29762 84 1. 50 1| 41198 97
3 | s | 138087 | 139
& | 31943 31 141 3 | 4142248
@ @ ] o ® ® [ ] ®
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Hf 1—Ceatinned Hf 1—Coatinued
Config. Desig. J Level Interval | Obs. ¢ Config. Desig. J Level Interval | Obs. ¢
3 41768, 87 0. 927 3 46118 28
3 41824 58 2 45138. 88
1 49030. 37 1.33 3 464568. 16
2 48308. 18 0. 877 1 45799 48
1 42485. 50 0. 86 2 48170. 12
4 42871. 08 115 3 48776. 98?
3 43104. 71 1. 09 2 48981. 20
2 43517. 8% 3 47690. 09
1 48786. 68 0. 17 4 48047. 90
1 48844. 63 2 48951. 97
1 44257. 54
June 1957,
Hf 1 OsserveED TERMS*
18 282 2p% 382 3‘)‘
340 48 4p* 44" Observed Terms
41 56t 5p8 +
a’P a’F
5 8st { a1D 61G
ns (n>6) np (n>6)
sP° [ 24 [YelJ
5dt 6s(a ‘F)nx { ; ;DDo ; .go : ;go
54 8s(a ‘P)nz z8P°  yiD°
(] o
50 6a(b *D)nz { e D ik
5 6a(a *P)nz 218°  ype
¥
5(b ‘Fynz { e
58(b ‘P)nx a'P

*For predicted terms in the spectra of the Hf 1 isoelectronic sequence, see Vol.

Hf u

(Lu 1 sequence; 71 electrons)

Ground state 1s* 2s® 2p* 3s? 3p® 3d"° 45 4p° 4d'° 4f™ 58* 5p° 5d 6s* 'D,y

a 'Dyy; 120000 K

11, Introduction.

Z=72

I. P. 14.9 volts

The analysis is by Meggers, who has reobserved the spectrum, revised the level values,
and extended the 1934 analysis to include approximately 950 classified lines. The new observa-
tions extend from 2005.36 A to 8804.35 A. Observed intersystem combiuations connect the
terms of different multiplicity.
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Hf 11—Conatinued
The observed g-values are from spectrogrems taken by Meggers in 1949 at the Massa-
chusetts Institute of Technology, through the courtesy of G. R. Harrison.
In 1954 Gehatia reported a theoretical study of the low even configurations of Hf 11.
The agreement between his theoretical and the experimental energy level- and g-values is
excellent. His predictions have enabled Meggers to find the energy levels ¢ 2Dy and b Py
listed in the table, and will doubtless serve to locate the high 54 *D term, when new observations
of Hf 11 in the vacuum region become available.
Although Hf 11 belongs in the Lu 1 isoelectronic sequence so far as atomic number is
concerned, it does not have the structure of a rare-earth spectrum, to which f-electrons con-
tribute. Meggers points out the “remarkable parallelism between the Hf i1 and La 1 spectra.”
From this analogy, together with the assumption that ¢ 2D and ¢ ‘F form series with ¢ ?D and
a ‘F, respectively, he derives the approximate value of the limit quoted here. He plans to
extend the observations to shorter waves in the near future, with the hope of improving the
series.
REFERENCES
W. F. Meggers and B. F. Scribner, J. Research Nat. Bur. Std. 13, 625, RP 732 (1934). (I P) (T) (C L) (ZE)
(G D)
M. Gehatia, Phys. Rev. 84, 618 (1954). (T)
W. F. Meggers, unpublished material (January 1957). (T) (C L) (Z E)
Hf 11 Hfnn
Config. Desig. J Level Interval | Obs. ¢ Config. Desig. J Level Interval | Obe. g
5d 6s? a D 1% 0. 00 0. 787 || 54 a*H 5 30941. 97 1. 10
21§ | 3050.88 | 3050.88 | 73 4} | 3187774 | ~ 9577 | 105
5d*(a ’F)6s a ‘F 1% 3644. 65 0. 425 || 5d 6s(a*D)6p z3P° | 0% 88156. 20 0. 217
2% | 4904 85| 1280201 1 052 1% | ses7s. 42| 3%7.22| 4 323
3% 6344. 34 2017, 42 1. 236
4% 8361. 76 . 1. 328 || 5d 6s(a 'D)6p z3D° | 214 83180. 92 —943 01 1. 038
1% | 84128.93 g 0. 800
5d*(a *P)6s aiP 0% 11951. 70 969. 24 2. 598
1% 12920. 94 564, 62 1. 664 || 5d*(a’F)6p z24G° | 2% 34942.36 | 4cs6 17 0. 981
2% | 13485.56 1. 410 3% | 88498.58 | 2500 e | 1044
4% | 4239109 | 3517 g¢ | 1 168
5d%(a 3F)6s a F 2% 12070. 46 3013. 80 0. 964 5% 46209. 05 : 1. 27
3% 15084. 26 : 110
543 b P 03 35146. 73 2177. 49 0. 74
5d%(b 'D)@s b 1D 1% 14359. 42 3009. 45 1. 034 1% 37324. 22 . 1. 28
2% 17368. 87 . 1. 273
5d* b F 2% 37398. 44 41. 22
5d3(a *P)6s a P 0% 15254. 29 2576. 05 0. 737 3% 37439. 66 . 114
1% | 17830, 34 - 1. 122
5d 63(a3D)6; y :D° | 1% 87885. 90 3875. 34 0. 780
5d(a 1G)6s a G 4% 17389. 06 —321. 66 1. 14 24 41761. 84 : 1. 077
3% 17710. 72 ’ 0. 940
5d 6s(a *D)6p z i1P° (11;2 3832?. 66 827. 90 12 g‘i)g
5P bsF |1 7. ] 39226. 46 - .
35 | 20134 o4 1231. 39 " 60 2 | 40506 86 | 1280-40 1 429
3% 21637. 97 ; 1. 221
1507. 60 5d 6s(a 3D)6p 2z 2F° | 2% 38578. 68 0. 860
4% 23145. 57 1. 309 3% 31406, 86 2828, 23 1. 106
58 b P 0% 26996. 51 2. 58 5d%(a 'F)6: Fe | 1 2518. 10 0. 562
1% | 2728513 | 28862 | 1 g3 (@*F)6p v 3| fses0 e | 1162 85| 0968
25 | 28547, 05 . 1. 573 3 | 44399.08 | FI9211 1171
4% | 46124 89 1. 223
5d 6s(a *D)6p z 4F° | 1% 28068. 79 1336, 33 0.512
2% | £9406.12 | 59745 | 1.076 || 5d 6a(a 'D)6p yP° | 14 [ 42770.66 | _g9q 7o | 1220
2}4 g.;7;g. 24| 4400 43 | 1252 0% | 43044 26 - 0. 570
A 185. 67 133 5d 6s(a 'D’ 6p y3F° | 24 | 43900.56 790,16 | 100
5 b3G | 4% | 2810483 | _gcq 5o | 0.907 3% | 44690.72 : 1. 142
3% | 28458.16 0.897 || 546 9F)6p YD | 0% | 46643.25 | joa1 1y | ©.467
546sa'Ditp | 2 'D° | 0% | £9160.04 | o604 10| O 486 il deerk 35| 1230031 338
14 | 3178416 | 5:70 97 | 1.218 3% | 18936, 75 | 1026.36 | ;3%
2% 84355. 18 2527. 36 1. 320 ’ :
3% | 36882 49 : 1. 380 || 5d*(a ’P)6p 218° | 0% | 46495.87 1. 680
5 c¢D | 1% ] 30594 63 0.91 | 54&(a’F)6 23G° | 3% | 47167. 67 1. 028
2% | 378 18| 218353 | o P 4% | 9840 47| 208290 | 453
{ ] @ ° ® ®

@+ @

*




148 ®
Hf 1I—Ceuntinued Hf 1—Continued .
Config. Desig. J Level Interval | Che. ¢ Config. Desig. J Level Interval | Obs. ¢ a
8 'D) 2D° | 1% | 47973 88 L1 | saerc) P | 2% | 627740 1.06
o 2% | 49005 64 | 103208 [ ;244 o 3% | Gisin 1 | 10673 | ' yp
5&(a'P)0p a8 | 1% | 4799648 1 2% | 65643 9 &)
Pe | oy 5d*(a F)7 3¢ *FN | 1% | 69310.3
¥ 1% | 50419. 49 1. 738 ’ ¢
3K ‘ 2% | 69483 4
8P (e *F) ¥ | 3% | 50910 23 0.88 |l 5d6s(a'D)7s | B5( D) 1 69963. 3
o 34 | 58339, 98| 143970 | | 143 ( ¢ #
8d(a 'F)6p Do | 1% | G118 89 Lop || 3F@E 3 FD| | 706680
(] w?iD°
2% | 5870969 | 1568.00 | ' a4 7 1% | 72180.1
5d%(s P)6p s4D° | 0% | 52090 4 eaL1 | @738 8 1% | 73147.2
3 22355‘ 45| weor| 135 5d 8a(a *D)7 8(¢ DY) | 2% | 73665 1
A a 8 &
3% | 6844581 | 375468 94 ¢
5P 'D)6p W | 3% | 592047 ’ 1% | 18188 2
»
3% | sses7 27| 10926 | 4 33 10 2% | 75801 1
(b 'D) 2P° | 0% | 58847.6 1 1% | 76016 4
®Dyer 1% | s6077.0 | 23394 | o8
12 2% | 76585.0
5P = P ‘1’)’2 ‘23‘13% S| 1836 |1 & 13 1% | 771631
2% | 55060 35 | 156628 | ;g8
5d(a 1G)6p sHe | 4% | 63646, 17 102 " | TIIAA
a t ] . .
5% | 6657161 | 303544 | y o9 15 2% | 79090, 7
5d(a 'G) 1Go | 3% | 63972 48 1.175 || &1 1G)7 16(¢ 'G7) | 3 79804 4
o v 4% | 55638 80| 1066341 o @!G)7s (e %
. N N Loz || SG©e 17(e 'G?) | 4% | 81050.9
a 1w 5
P 0% | s7477.6 |T18L9 | g 72 18 4% | 82100.5 o
vD° | 1% 19 4% | 83129.8
2% | s8117.4 1.22
5d(a 3P)8p wiD® | 1% | 81818.8 | amec o | | T TTTTTTTTTC|TTTTTTTTTYTTTTTYTITTTITITTT
2% | 646641 | 33458 HfmQFy) | Limit | ... 120000
Jan 1957.
i Hf 11 OpsxnvEp TERMS®
Conﬁguution
12526 2 30 30 Observed Terms
3dn 42 4
4 50 5p+
5d 68 a?D
bP bF
50 { P cD bIF 3G  a'H
ns (n2>6) np (n2>6)
a, ¢ ‘F sp° [ 24G°
6d*(a 'F)nz { a'F ﬂ D° g 1F° 33G°
spo aOPe Yy g
5d 8s(a *D)nz { ¢3D : Ig" ; Ig° : ’:“
4 0o e
58(a *P)ns 413 18 Libe  Lipe
5d 8s(a 'D)nz y 'P° g 1D° y 'F°
5d*(a 'G)ns a, ¢3G » IF° y13G° stH®
58 ‘D)z 3D 2P°  z'D° wIF°
*For predicted terms in the spectra of the La 1 isoelectronio sequence, se2 Vol. m1, Introduction.
o ® ® o




TANTALUM
Tat
73 electrons Z=73
Ground atate 15* 292 3p* 34 3p* 34" 4s* 4p* 4d" 4/™ 5¢* 5p* 54 64 °F,
64" °F,,, 63400 K I. P. 7.88 volts

The first regularities in Ta1 were reported by C. C. Kiees and Mrs. H. K. Kiess in 1933.
Subsequently, at the Zeeman Laboratory, Miss van den Berg, Klinkenberg, and van den Bosch
extended the study, and reported in 1952 that 1262 lines had been classified. In the 1956
reference below some theoretical aspects of this work are discussed.

The present analysis is by C. C. Kiess and Mrs. H. K. Kiess, who have continued their
study of Ta1 over a period of nearly 25 years, and furnished their unpublished data especially
for inclusion here. Their obeervations extend from 1953.08 A to 12139.58 A. The total
pumber of classified lines now exceeds 2300. Observed intersystem combinations connect the
systems of terms of different multiplicity.

They have not yet completed their analysis, and some designation assignments are tenta-
tive, as indicated by a question mark in column two of the table. Many of the levels are listed
as miscellaneous owing to the departure from LS-coupling. During much of the work, R. E.
Trees has generously assisted by providing the predicted positions of even terms derived
from his theoretical calculations.

The observed g-values given to three decimal places in the table are from spectrograms
taken by Harrison and his colleagues at the Massachusetts Institute of Technology. All
Zeeman measurements used for the present work have been made by C. C. Kiess. The resulting
observed g-values have been averaged for 46 even levels and 170 odd levels, and the work is
still in progress. This wealth of reliable Zeeman data for Ta1 exceeds that for any spectrum
known to the writer. For example, the tabular g-values for a ‘F,) (0.447 +0.002), and for
a ‘Fyy (1.031+£0.004) each represent means of 38 determinations. For the remaining low even
levels the number of individual observations used for the final means fall into the following
groups:

No. observations 30 to 34 20 to 28 10 to 15 1to9
No. g-values 4 8 5 4

These Zeeman data should provide ideal material for a detailed study of g-sharing and coupling
in a complex spectrum.
Many of the Tar lines exhibit wide hyperfine structure. Means of the byperfine structure
components, weighted by intensity, have been used for such lines in the present work.
The limit is from the ns ‘F series (n==6 to 8), and has been determined by means of a
Rydberg formula.
REFERENCES

. C. Kiess and H. K. Kiess, Bur. 8td. J. Research 11, 277, RP 589 (1933). (T)

. F. A. Klinkenberg, G. J. van den Berg, and J. C. van den Bosch, Physica 18, 861 (1950). (T) (C L) (Z E).

. C. Kiesa and H. K. Kiess, J. Opt. S8oc. Am. 41, 867 (A) (1951). (I P)

. J. van den Berg, Dissertation, Univ. Amsterdam, 76 pp (1951). (I P) (T) (CL) (Z E)

. F. A. Klinkenberg, G. J. van den Berg, and J. C. van den Bosch, Physica 17, 167 (L) (1951). (I P) (T)

. J. van den Berg, P. F. A. Klinkenberg, and J. C. van den Boech, Physica 18, 221 (1952). (I P) (T) (C L)
(2 E)
. A. Klinkenberg, Rev. Mod. Phys. 34, No. 2, 63 (1852). (S8ummary hfs)

Kamei, Phys. Rev. 98, 789 (1955). (hfs)

E. Walchli, A Table of Nuclear Moment Data, ORNL~14689, Suppl. I1, 31 (1955). (Summary hfs)
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. A. M. van Kleef and P. F. A. Klinkenberg, Phys. Rev. 101, 489 (L) (1956).
. C. Kiess and H. K. Kiess, unpublished material (July 1957). (I P) (T) (CL) (Z E)
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Conflg. Desig. J Level Interval Obs. ¢ Coufig. Desig. J Level Interval | Obs. ¢ @
(Y Y a'F | 1% 0 0 447 5% | 23141. 42
3% | 201010 | 210107 4 g3
3% | aees ez | 1332821 1218 | s;esarep | 20F° | 0% | 23355 41 gsa o1 |0 320
4% | 562104 : L. 272 14 | 24843 42 937.70 | 1126 &)
24 | s6181. 19 | (93TT0) 1 239
5 60 a'P | 0% | 6049 43 19.49 | 2454 3y | 26685.08 | 1M 81 1356
1% ol | 41049 Vs 4% | #7785 43 | MAT-501 1300
2% 43 1. 580 1| 5% | s0se1. g8 - 1334
5 60 a'G | 3% | 9705 38 0912 | 5C0F)6s bF 1%
4% | 10890, 32 98494 | 4 g3 §§ 23512 34 1. 048
5d(a *D)6s D | 0% | 9758 97 3. 020 4%
1% | serasl | 21834 354
25 | 11243 63 W82 | Y64l |5P6(a'FI6p | °D° | 0% | 2461689 222 34 | 2888
3% | 1223476 | WO 13| 1578 1% | 24739.03 | 32231 | 1620
4% | 13351 45 1. 533 214 | 26794 76 05131 1416
N 3% | £7780.62 986 03 | 1-374
54 60 a? | 1% | 1005022 | _o, o | 1407 | 4% | 28766.65 1.337
0% | 11792 13 . 1. 118
0% | 24608 70
5 a8 | 2% | 11796 14 2 134
5d% 88 'D | 2% | 12865.97 2 SA | 24017.90
e 1 1. 214
1% | 15903 77 |—3037.80 | ;" 799 4% | 24934 58
2% | 14875 707 4% | 25185. 89
5 6 a'H | 8% | 1511414 | _ope oo | 1021 23 | 25224. 06
4% | 15391, 01 1. 014
4% | 25378. 41
5% 600 a'F | 2% | 17224 47 168 65 | 0 882
3% | 17383 12 1. 125 1% | 25478 30
5 6s(a’F)6p | s°G° | 1% | 17384 65 5@ 6s(a’F)8p | yD° | 0% | 25512 68 0. 028
2% | 19178, 45 | 1793801 g g5, 14 | #6363.69 | 551981 1 303
3% | s0s60.26 | 1381811 ) jg4 2% | 28138, 88 1. 394 o
4% | see8r.71 | M2 AS| 1o 3%
5% | 25008. 83 . 1. 302
6% 5P6r@P6p | 2P 7| 2% | ge219.62 | 00 40 | 1338
14 | 2659005 | “312 83 | 1 576
2 | 17998. 74 0.732 0% | 26866. 05 2. 650
5P 6@ F)ép | D° | 0% | 1860478 | 100 0o | Q172 4% | 26678 47
1% | 19657.78 | 1153081 1 018
2% | 211687. 61 2750, 07 | 1120 314 | 26960. 48 1. 223
3% | 23926, 63 1. 326
2y | 27167, 82 1. 606
5B 60 (aP)6p | 218° | 0% | 20340. 89 1. 956
5% | 27788, 01 1. 351
5d*(b *H)6s a‘H | 3% | 20646 54 50679 | O 818
4% | 2115333 | 30879 1 og9 3% | 281882 60 1115
5% | 22428 56 | 121823 1159
6% | 23514 86 1217 5% | 28285. 99
5#6#aP)6p | 30D° | 1% | 207723 | oo .| 0812 1% | 28689. 81 1.358
2% | 22047 45 - 1. 179
4% | 28766. 65 1.337
2% | 21001 53
2 ] .
5d%(a *D)6s @D (1)};2 22238.97 | _gry0p| | o0 % | 28862.01 1.247
) 34544{ 2 3165. 19 }: 920 216 | 29843, 48 0.814
3% | 26515.0 <42 3% | 29722 95 1. 217
5d4(b ¥G)6s a'G | 2% | 2162292 | ;20 00| 0.894
3% | 2276121 | 1133201 1008 | sM6ea'P)6p | y*D° | 0% | £9002. &7 762,39 | 2 9%
4% | 2301289 | 1181681 1 1g5 1% | 066466 | 79239 1812
5% | 26022 74 - 1. 260 g}}z giggez 7 | ja07. o1 | Lo87
- " 515
5 0s(a'F)6p | sF° | 1% | 21856.07 | jc00 00| 0.666 1%
2% | Soar o0 | o878 | 1978
1% | 25926 34 944.49 | | 599 ¥4 | s0015. 61
3% | 22380, 53 L 060 4% | 30021. 20 1. 186
2% | 22434 37 3% | 80690. 95 1. 043
1% | 22842 84 0.804 | 586s(a'P)6p | £8° | 1% | 30894 67 1. 808
® () ) ) ® ) ]
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Ta I—Continued Ta 1—Continued
Config. Desig. J Level Interval | Obs. g Config. Desig. J Level Interval | Obe. g
5P6a'P6p | sP° | 1% | 31086 34 2108 || 58 6e(a*G)6p | y*G°Y 2% | 36825 97 0. 825
23 3196143 | (595081 e 3y | 3se79.06 | 1333981 1 085
3% | 38197. 75 1. 568 gﬁ 40686. 42 . 1. 208
3% | 81428 06
3% | 87145 25
50 68(a'P)6p | s?P° o;z 81500. 99 0. 758
1 2 | 87146. 60 1. 501
4% | 815%0. 02 1. 086 0% | 87481 46 1. 257
1% | 31653. 89 0. 888 1% | 37523. 64 0. 973
3% | 81800. 95 1. 089 3% | 37561. 25 1. 242
3% | 82132 38 0. 846 2% | 87630. 09 1. 211
1% | s2e14 94 0. 728 1% | 87760. 67 0. 518
5% | 33070. 28 1.349 || 5 6a(a*H)Bp | 241° U 4% | 3794284 | yco0r 20| 0.878
| 5% | s9468.68 | 1352 50| 1040
2y | 83184 97 1.273 % 40911. 83
4% | 33497, 15 1. 08t
3% | 38253. 39 1112
4% | 83815. 49 1. 067
5d'(a *D)6p y'F° | 04 | 38507.64 | 108027 | 0730
2 | 84001. 18 1. 140 1% | 39687.81 | jgo0 77| 1.083
23 | 41680.98 | (205 30| 1.366
1% | 84078. 42 1. 089 8% | 43177.37 | 120050 | 1358
4% 44806. 64 1032: 11 1. 417
2% | 34798 22 1. 483 5% | 46838 75 1. 280
3% | 84799. 71 1. 210 1% | 38546. 70 1. 359
4% | 85217. 94 1. 582 215 | 38758 75 0. 952
1% | 35242 94 1. 534 0% | 38845. 25 0. 460
4% | 85497.65 0. 940 1% | 88994. 38 1. 027
1% | 85721.0 1.010 23 | 89059 52 1. 054
3% | 35746. 18 1. 101 1% | 39258. 07 1. 128
5% | 36818, 47 1. 200 43¢ | 39428 40 1. 143
21 | 35876, 47 1. 490 0% | 39490. 14 0. 560
214 | 85926. 09 3% | 89526.7
5 6s(a?H)6p | £4G°1 2% | 86018 97 785.91 | O 985 3% | 89641. 24 1. 090
3% | 36799, 88 1345 | 1.133
4% | 3881382 | o000 1088 2 | 89688. 20 0. 950
5% | 40610. 38 . 1. 264
2y | 39786 52 1. 065
2% | 36069. 2
3% | s9936. 18 1. 205
5 6s(a’H)6p | zeH°? 3% | 96159. 18 017.58 | 0 852
N 4% | s7o76.71 | (T30 1046 1% | 40230. 01 1. 232
5% | 8819428 | (1A% 5%
6% | 39360. 68 1. 061 0% | 40244 74 1. 056
0% | 36345. 8 0. 536 3% | 40833.08 1. 159
5 6s(a’G)6p | yF° 2| 1% | 36580 08 0.716
22‘ 3844790 | 186793 | 7 043 1% | 40839. 2 0. 958
4§2 3% | 40755. 90 1. 134
4% | se8s1. 15 L. 211 2% | 40851. 61 1. 265
o | o @ ® o ®
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Ta —Countinued Ta I—Continned
Conflg. Desig. | J Level Interval | Obe. g Cooflg. Desig. | J Level
3% | 40981.79 1. 248 0% | 44148 10
2% | 41010.07 1.7 3% | $4105. 58
SP6(a'M?s | oF 0% | 41151 26 —Q 857 &% | 44179. 68
( 14 | 41804 83 U357 1 0 me
3y | 4250189 | fon gy | 1250 1% | 44350. 19
34 | 4308243 | ard 40 | 1433
4% | 45636.83 | jua2 7| 141l 2% | 44986. 40 1179
5% | 47310. 57 1 &4
4% | 44408 56 1. 140
0% | 41179.9 0 434
1% | 44488 96 L 034
1% | 41197. 87 1. 335
5d*(a SD)bp zD° | 0% | 44818 10 1| 2378
3% | 41286 58 1. 533 1% | 45846 22 o 76| 185
2%t | 41484 0. §>’2 Aoio0 ;5 | nss st 1
4 L7 .
41084 94 4% | 47790 51 | 1390.02
1% | 41052 64 1. 183
3% | 44669. 23 1. 683
2% | 41879. 28 1199
3% | 44693. 40 1.227
0% | 41908 98 0. 745
5% | 45067. 34 1. 056
3% | 42017. 95 1. 107
3% | 46114 71 1. 837
VA | 4a178 761 5d*(a *D)6p SPe | 1% | 46241.78 1. 245
a ¥y . 472 95 .
4 247. 00 1. 268 2K | 45714 68
W | 4024 - 3 | Bast3s | 1907.20
1 08. 16 .
o R L 170 1% | 45276, 39
3 51. 78 .
i Refd . L2t 3% | 45648 26 1. 264
1 78. 70
8 Bt L w00 1% | 45723 58 1112
2 844. 73
3% Jon 1. 0467 4 | 4o84L8
953. 1
o e a? | 46060.6
2% | 42982 8 1.172
2% | 46116. 93 1. 254
4% | 43090. 28 1. 222
3% | 46172 44 1. 186
1% | 43167. 07 1. 135
1% | 46176.76 0. 896
5% | 43186.09 1. 219
5% | 46652 13 1. 266
2% | 43239 22 0. 973
1% | 48887. 79 0. 737
4% | 43891 71
5d%(a *D Pe | oy 2 18 2% | 4o933. 38
a8 . 43478 20
(@ Disp v 1% | 44689.31 | 12L 21| 1809 1% | 46974 08 1. 871
21 | 46328 31 1. 801
2% | 46981. 89
4% | 43403 247
24 | 43496, 65 L2 3% | 47018. 02
) 5% | 473%9. 48
3% | 43588 8 1.215
2% | 47897, 06
2K | 48550.78 0. 945
3% | 47626. 01
1% | 49818. 68 1. 642
3% | 47931. 16
2 | 43880. 84 1. 284
8d° 8s(a *F)7 F 1% | 43964 50 3% | 48069. 61
a 8 [ ]
2% | 4146160 | 49710 0 ggs 2% | 48290. 45
3% | 47817.16 | 3305 F
1% | 50509, 7 21 | 48%69. 35
1% | 44005. 95 4% | 48468. 96
5% | 44141. 81 1. 122 4% | 49149. 30
® ® @ ® L J @ ®
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Ta 1—Centinned Ts I—Continued
Config. Daesig. J Level Interval | Obe. ¢ Config. Desig. J Level Interval | Obs. ¢
3% | 48851.0? 5d® Ga(a 'F)8s 1 'F ;% 54440. 57 0. 503
3% | 49699. 81 3
4%
3% | 40888 5?
2% | 54481. 09
2% | 49981 32
4% | 55232 59
4% | 60014 07
214 | 56060. 2
1% | 60146. 65
1§ | 58301. 76
434 | 50439. 3
1% | 68583. 88
1% | 50877. 75
0 | 6155117
3K | 61418 1
2% | 61737.0
3% | 519825
1% | 61789. 26
4% 18272373 | 0 ] eeemmmmeme e e oal
1% | 62907. 8 Tau(*Fy) Limit {__.___ l-m
July 1957.
Ta 1t Ossxnvep TErus*
Configuration
18% 2¢* 2pf 38* 3pt 3d'¢ Obseerved Terms
443 4pP 4d1* 4 5st 5p0+
a‘P a‘F
5 60 { a*P a?D a’F a?G atH
58 'S
ns (n>6) ap (n26)
[ spe° 'y nid o
5 8e(a *Fynz { ol F b HEe ¢
54 6¢*(a*F)nz z¢D°
Ppo
5& 603(a Pz { 190 Sipe  eiDe
54 8s(a *P)nz { ,18° 2¢P°  yeD° !
5d% 6e(a3Q)nz yF°  w4G°
po sDH° [
5d(a *Dynz { a3 Y D@
5a® Gs(aH)nx 24G° gtH® g4]°
5d(b*H)nz a‘H
5d¢(b3G)nz a'G
5d4(F)nz b ¢F
*For predicted terms of the Ta1 isoelectronic sequence, see Vol. 11, Introduction.
® ® ® ° ® ® ° °
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Tan
(H{ 1 sequence; 72 electrons) Z=13
Ground state 1s® 24 2p* 3s® 3p® 3d' 4s? 4p* 44" 4/* 5s? 5p* 5d* 8s °F,
¢ °F, K L P volts
A preliminary list of 115 levels and g-values for Ta 11 was published in 1950; seven more
levels were added in 1851. The present analysis is by Kiess, who has revised and greatly
extended the early work especially for inclusion here. His observations range from 2000 A to
5300 A and include some 2400 lines, of which about 1000 are classified. Observed intersystem
combinations connect the systems of terms having different multiplicity.
The three-place g-values in the table are from Zeeman spectrograms taken at the Massa-
chusetts Institute of Technology; two-place values are from Bureau spectrograms.
In his recent work Kiess has greatly benefited by the theoretical investigations of Trees.
In particular, one level at 16424 K listed in the 1950 paper has been rejected, and one at 23294 K
has been assigned a revised J-value, on the basis of Trees’ work.
No series are known for Tann. From a study of screening constants Finkelnburg and
Humbach interpolate an ionization potential of 16.24+0.5 volts. This places the limit near
130700 K.
REFERENCES
C. C. Kiess, G. R. Harrison, and W, J. Hitchcock, J. Research Nat. Bur. Std. 44, 245, RP 2075 (1950). (T)
(Z E).
G. J. van den Berg, Dissertalion pp 26, 38 (Univ. Amsterdam 1951). (T) (Z E)
B. M. Brown and D. H. Tomboulian, Phys. Rev. 88, 1158 (1952); 91, 1580 (1953). (hfs)
R. E. Trees, W. F. Cahill, and P. Rabinowits, J. Research Nat. Bur. Std. §8, 335, RP 2639 (1955).
W. Finkelnburg und W. Humbach, Naturwiss. 43, 35 (1955). (I P)
R. E. Trees, unpublished material (April 1957).
C. C. Kiess, unpublished material (April 1957). (T) (C L) (Z E)
Tall Tanl
Coafig. Desig. | J Level Interval Obs. ¢ Config. Desig. | J Level Interval | Obe. g
58¢F6s | a'F | 1 0.00 | yo3133| @000 50 68 a'G | 4 | 1420553
2 1031.33 | a2l 1.008
P Gy | wma| P33 Sy oD | G| e ce | 3se7s| L350
5 | e1se7a | 177L02 y 33 3 { 1855383 | 138533/ y 33
5d8 842 a’F 2 3180. 04 0. 750 3 . .1
3 o831 35 ggﬂ-gg 1 098 5d*(*H)6s a*H ; 15851. 12 1. 16
4 9746. 33 1. 225 6
5d* Ge* a'P 0 4124. 77 0. 000
1205. 89 5 (4P)6s bP 0
1| 33%08 | ‘amag| L350 ‘" 1 | 1787511 | 1105 49| 1171
: 2 | 18500. 60 1. 463
5d*(‘F)6s bIF 2 9690. 46 1. 063
B 3 [ 148100 | 2392541 1004 SACE)e | OF | 2| 222862 | g9 g, ( 0700
4| 1849367 128 4 | 2308270 | —537.68} 1 g96
5(‘P)6s P 1 10713. 30 2374
(F)6e | o 2 | 187546 | 16216 g s#eD)ss | 5D | 2 | 23204.70 1.120
3 | 12435.85 1. 614
¥
5PCGYSs | a'G | 3 | 11767.14 | gac 1o | 0915 seCPGs | B | 9 ) 2338L19 0. 000
4 12705. 32 125 62 1. 021 2
5 12830. 94 1. 280
1019.50 | - B b | 4 | 2443278 0. 978
3 | 13mege | 1mLI6) iR 5 | Bases | %LV 1oss
4 | 17231.23 1.23 6
5 68 a'D 2 13560. 25 1. 111 50T 6e a'F 3 24869. 61 0. 995
® ® L [ o L] o o

c ofs @




Ta }i—Continuned Ta 1—Continuned
Config. Deig. | J Level Interval | Obs. ¢ Desig. | J Level Interval | Obe. ¢
aa LR ¢} 2 26829, 09 0. 855 5 | 46295 07
5 D | 2 | 46387.28 1.31
3 | 29256 87 0.533 4 48645, 81 1.310
1 33706. 50 0. 291 3 46831. 39 1. 204
3 | 3871515 0. 800 2 | 48850 69 1. 097
8 | s8112. 97 3 | 4716918 1. 003
3 | 8617712 0. 947 4 | 47030 o2 1. 198
8 | s8768.73 1. 169 2 | 4751461 1.202
1 86987.73 0. 685 1 47596. 02
G° | 2 | 8$7880.80 0. 64 0 | 47800.95
Fe | 32 38515. 56 1. 026 3 47825. 41 1198
e | 88535. 26 0.472 0 | 43084 50
1G° | 3 | 38962 38 1. 001 2 | 48166. 44
F | 3 39295. 83 1. 140 2 48228 11 1. 448
G | 4 | 8974564 1.222 4 | 4847085 1. 268
0 40028. 76 2 48668. 55 1. 137
2 | 40239 53 1. 158 1 | 48776.38 0. 750
1 40804. 78 1. 232 3 | 4896268 1. 275
2 | 41145.00 1. 161 2 | 49080. 44 1.33
1 41855. 06 1. 803 3 | 49536 28 1.318
3 41554 52 1. 204 2 49598. 90 1.63
5 | 41709. 02 3 | 49646.60 1.045
4 41775. 29 072 1 49887. 08 2.023
W | 4 | o100 91 1. 265 4 | 49937. 82
2 | 42158 32 1.210 3 | 51078.88 1. 156
8 | 42959.59 1117 2 | 51197.32 1. 363
2 | 43064 95 1. 061 1 | 51328.37 1. 052
3 | 43544 44 1. 086 2 | 51584 21 1.317
1 | 495683 87 1.50 3 | 58121 28 1.088
4 | 44005 16 1 | &2155.76 1.618
1 44206. 19 0. 255 3 | 52580. 41 1. 403
2 | 44259. 20 1.251 1 | 68824 53 0. 930
3 | 444%0.38 0. 950 3 | 5346578 1.226
D° | 0 | 4448470 0. 00 2 | 53644 88 1. 339
P° | 5 | 44885.38 1. 45 2 | 54538.78 1.036
4 | 4462800 1. 264 3 | 65484881 0. 935
8 | 4453523 1.34 8 | 55128 36 1. 250
D* | 1 | 4523885 1. 461 8 | 55648 11 1. 46
2 | 4544881 1. 150 2 | 56018.75 0. 991
1 | 4017408 1. 361 4 | 56142 49 1.28
4 | 40088 97 1, 405 4 | 56759 94 1.22
April 1957,
L ] L ® ® ®
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TUNGSTEN

74 electrons Z=T4
Ground state 1¢* 26" 2p* 3+* 3p* 3d™ 44® 4p® 4d™ 4/* 8¢* 5p* 8d* 64* *D,
6 °D, ¢4400 X I. P. 7.98 volta

The spectrum needs further critical study. The analysis is chiefly from Laporte and Mack,
who have reported 300 levels with 201 ‘‘tentative’” g-values, and 2378 classified lines between
2008.64 A and 10477.97 A, Their observational material was taken mostly from the literaturs,
supplemented by Mack’s observations made at Princeton for the region short of 2500 A. The
earlier work by Catalén and Poggio and by Laun was revised and extended by these authors.

Later, the spectrum was observed by Kiess at the National Bureau of Standards in the
region longer than 2000 A. Short of this limit, observations were made by Boyce with the
Carnegie Institution Spectrograph. Laun measured these spectrograms and prepared a com-
plete line list extending from 1783.734 A to 7727.14 A. The earlier long-wave Bureau measure-
ments used by Mack and Laporte are quoted in Laun's revised line list to extend the observa-
tions to 10477.97 A,

Laun bas revised the published level values, changed some J-values, and added more than
80 new levels. His unpublished material has been furnished for inclusion here. The writer
has tentatively retained 4 of the 16 published levels rejected by Laun. There are now ap-
proximately 3700 classified lines.

Mack and Laporte assigned a number of configurations and term designations tor the known
levels. Murakawa has confirmed some of the configuration assignments from s study of the
isotope displacement effect, worked out from observations of the hyperfine structure of W 1.
He attributes some levels, also, to the 5d° 6+* 6p configuration.

The term and configuration assignments in the table are tentative. The writer has con-
sulted Racah, and included some of his very provisional rearrangements of known levels,
although they are far from definitive. She has also made s few other changes on the basis of
the present known combinations. Observationsindicate that the line at £008.753 A (a "S,—s 'PY)
is the rade wltime. From this evidence the £ "P° term in the table belongs predominantly to the
configuration 5d*(a *S)0p, instead of 5d* 6s(a *D)6p, as published. The "P° term from the
Iatter configuration is apparently not yet known.

Mack feels that grouping of levels into terms is not justifiable in W 1 because of the de-
parture from LS-coupling. The writer has, however, retained the srrangement by terms
smong lower levels, in spite of considerable overlapping. This plan conforms to the general
format of these Volumes and facilitates & ready comperison of the relative positions of the
terms, the term intervals, and the observed g-values among similar spectra. She urges the
users to bear in mind the reservations regarding this format that are described in the 1943
paper, and to consult this paper for further details.

The observed g-values are quoted from the 1943 paper by Laporte and Mack, pending
further study of Zeeman spectrograms taken st the Massachusetts Institute of Technology.
There are more than 30 given only to tenths; these are urgently in need of revision based on
present observations.

The Emit is from Laporte and Mack. It is derived by & Rydberg formula from the
5d* 8s("D)ne °D, series (n=0,7) corrected by —2.8 percent. This Rits correction from other
spectrs may need further revision when more series are known for neighboring spectra.
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Wi1—Ceatinned
REFERENCES
D. D. Laun, J. Research Nat. Bur. Std. 31, 207, RP 1135 (1038). (T)
O. Laporte and J. E. Mack, Phys. Rev. 63, 246 (1943). (I P) (T) (C L)
K. Murakawa, J. Phys. 80c. Japan 8, 218 (1953). (hfs)
H. E. Walchli, A Tabls of Nuclear Mement Dala, Osk Ridge Nat. Lab., ORNL-1469, Suppl. II, 31 (1958).
(Summary hfs)
D. D. Laun, unpublished material (June 1955). (T) (C L)
G. Racab, letter, (March 1958).
Wi Wi
Config, Desig. | J| Level | Interval | Obs. g Config. Desig. |J | Level | Interval |Obs.g
5d¢ 6 eD |0 0.00 0/0 544 6a(a *D)6p soF* | 1| 25988 60 0 54
1| 1e70.30 | 187030/, 3| sr6es. 60 | 1978921 3,
2| 3325 53 148 3| 29139 11 1 06
3| asso00| 1508471y 5 431430 01| TR0 1352
4| 621933 L 49 5 | 33870, 08 131 130
5¢%(a *5)6e ¢S | 3| 205120 1.08 5d%(a *8)6p sP° | 2| sese0.77 | | 1. 84
8| 2y488 11| 120834 | 17
5d* 60 a'P |0} 952807 0/0 4 | 27889, 68 57 En
3778, 99
1| 13307.08 [ 3778 99| 5
2 | 19253 118 2 | 28367, 28 0. 87
5 Bat e'H | 412161 95 0.99 5d* 6a(a *D)6 s'D° | 0 | 26620, 48 0/0
5 | 1500994 | 230793 11 05 ’ 1| e7778.80 | 114200 | 1728
6 | 17008 50 L4 2| 20105.85 | ‘417341128
3| esm10.85 | 41T 1A
5d* 6s? a'G | 3|13348 54 | 4000 4, 092 4| 32828 12 17
4| 1643128 | 3082741, o9
5 | 19826 04 120 5 | 27849, 84
54" 6t e'F |2]137177.70 1.09 5d* 6s(a *D)6p sPe | 1| 28198.90
3023 44 1194, 50
3| 17701 14 1 02 2 | 29398, 4o 1.83
s17m07 02| 59412 19 3 | s0586.65 | 119824y g4
5ds 600 aD |3 1545999 117 5 | 28233, 44
2| 14976 21 |_,482 18 | 1 06
1| 18082 80 0.7 6 | 28302. 72
5d%(a ‘G) e a'G |21 1811684 | oo on | 108 1| 30683. 5¢ 1.39
3| 18074 47| 337831 1 08
41925623 | LT 199 1| 81825, 42 0.86
51953504 | 381119
6 | 19648 56 132 2 | 31817, 63 153
50%(s 5)6e oS |2} 18280 48 143 3 | 2238 02 1.3
5d* 6¢(a *D)6p sTF* | 0| 19889 43 0 0 | sesse. 51
1| 2008430 57487 158
3| 21448 76 | 1354481 1 g8 3 | 32957. 68 1. 43
3| 204731 | 139888y 53
4| 278539 | 1710081 155 2 | 83141.88 1. 51
5 | 26676, 48 - 0% 148
6 | 29643 0g?| 2968 2 | 39944. 08
o'Pt |3 18827 67 | 0y g9 | 1.28 4| 84121, 88 L5
1{20427.81| 36825}, 3 | 84228 60
o | 20174 28 1| 84342 41 1. 56
54% 6s(a *D)6p sD° | 1| 2045380 | 5o 10 0n | 251 3| 84854.08 0.7
g ;:%3' % . { gg 2 | 84485. 868 0.82
4| 287072 | 28082941 1 6) ' i
5 | 29778 84 1 85 4 | 3462 58 0.89
D2 | 4| 22476 68 148 1| 84719. 88 0.15
0| 2277384 4| 35116.78 1.2
wr | 5| 2285284 1.2 2| 35811.64 L0
sD? | 8| 2393010 14 8 | 35495. 15 1.0
° ° ° e ° °
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W —Centinned W 1—Continned

Coatg. Desig. | 7| Leve Obe. ¢ Condg. Desig. /| Level
3 | 28781, 94 LS 2 | 41104 88 )
8| 5048, 17 L4 0| 41107. 38 /0
4 | se0se, 25 LU o 41171 44
1| 88190, 48 163 o | 41198 10 L33
5 | 36275, 10 L27 6| 41417.48 133
0 | sesss. 29 3 | 4149948 L
2 | 36873, 70 150 3 | 41588 19 108
3 | 30874. 56 150 3| 41604 34 138
3 | 36904, 14 187 2| 4173413 L1
¢ | sT148. 84 11 s | 4187194 L1
8 | 37300, 18 1.25 0 | 41905. 1
3 | 57466, 30 138 3| 41978.01 0.8
3 | s7674.08 113 6 | 42839, 04
1| 87778, 98 3| 4225151 132
4| 30001, 19 L1 1| 42062 30 L5
3 | 39063. 05 L1 2 | 42449. 60
o | 35203 19 s | 42450 34
3 | 28906, 38 3| 48504 14 123
4| 38259, 40 1| 4257847 L3
1| 88365, 81 3 | 42601 19 113
o | sss7e. 15 5 | 42866. 00 L1t
4| 38748 44 4| 4801074 118
3 | 39030, 25 5 | 43084. 10
1| 89183, 20 Lot 0 | 43063. 36 0/0
5 | 39991, 01 113 1| 43217. 3¢ 1.3
5 | 30814 06 120 2 | 432¢7. 00 L3
1| 0636, 63 144 4| 43251. 00 L14
8 | 39046 41 146 7| 43411. 60 120
3 | 29707. 08 1.00 84* 6e(a *D)7s D |1 434198 14er 38 28
4| 39719, 98 L17 3| 40400 &3 14 L7
3 | 40011. 50 L0 5 | 40354 68 1447
4| 40289 97 153 8 | 48478.68 13
8 | 40000 35 103 3 | 43514 67 0.9
1| 40411, 18 158 4| 48790 87
5 | 40476, 43 104 5| 4s741.87 109
s | s0888.07 8 | 4s850. 84 L17
3 | 400¢5. 25 0.96 1| 48898 68 108
1| 40770.78 128 & | 4302425 L3
3 | j0808 39 1.26 2 | 48975 28 118
s | 40011, 07 103 4 | 48085. 41 L34
3 | 40083, 83 133 3! 44081.00 L3
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W 1—Continned W —Centinued
Contg. Duig. (/| Levd | Interval | Obs. g Desig. [J| Level | Interval |Obs.g
1| 4883 42 L02 4| 4720019
3 | 40780 11 3 | 4730177 L3
o | 44390. 48 138 3 | 47448.5
3| uur.os 138 3| 4ri80.70 L2
8 | 4ss48.70 L3 6 | 47641.65 L3
3 | 4480628 L1 3 | 47698 44 13
1| 47871 L1 4| 47089, L4
o | 44943, 90 12 5 | 47850. 88
4| si0 87 L2 4| 4790508 L33
7| 44970.78 1.2 5 | 48138.39 13
3 | 45014 54 L3 3 | 48170, 07
3 | 4s019. 08 3 | 4884429 14
4| 4511877 13 7 | 48850.70
st D)7e | oD | 0| 453823 | yppg gn | 00 3 | 48318.85 L4
2| 48078 33| 19992 | 185 3| 48300, 43
38005804 MeT10) ] S0
4| 51138 14 L4 1| 48380, 96
4 | 45369.55 L1 4 | 48676.08 120
1| 48878.90 o | 48084. 68
2 | 45428 97 063 1| 48788. 10
8 | 4645163 L16 3 | 49078. 14 126
8 | 45651, 02 1% 4| 40157, 96
3 | 4s677.09 L2 2 | 40161. 94
1| 45760. 80 5 | 40187, 98 125
5 | 48789, 14 119 2| 49270, 16
4| 45889 10 136 3 | 49417.98
2 | 45008 48 as 1| 49445.08
3 { 4808808 L46 8| 4061494 13
1| 40104. 84 3 | 49617, 96
8 | 48108 91 4 | 49030, 57
1| 4a091. 66 2 | 49699.67 19
3 | 40887.75 08 4| 4o788.08
; 3 | 48385, 48 L4 0 | 49798. 44
5 8 | 48508. 87 138 3 | 4s900. 08
; 4| 48085.05 L1 5 | 60137.85 L1
6 | 4007. 21 L18 8 | so185.70
3 | 46800, 45 L1 4 | 80884. 08 1.0
8 | 40354 50 131 6 | 50429 187
4| 40081.84 Lo 2 | s0404. 54
2| 47070, 40 13 1 sosss. 54
1| 47e65.65 2 | 50718.90
3| 4rse7.79 09 8 | 50800. 44 10
° ° ° °
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W ~Continned W 3—Continuned
Duig. [ 7| Level Obs. ¢ Deslg. J | Level Interval |Obs. ¢
8 | s0806. 07 4| 64118 78
4 | 50894 00 8 | 84310 %0
4 | 50009. 47 13 1| 84410.85
1| s0o49. 07 3 | 548868 43
8 | s0081. 90 6 | 54783 38
8 | s1070. 18 3| 64889. 15
3| s1180. 4t 6 | 54806 90
5 | 51890, 75 4| 64011, 01
8 | s1600. 53 1| 84041. 01
3 | 51606. 80 8 | 55000. 23
3 | s1099. 85 3 | s5082. 67
1| 51769, 44 4 | 55043. 84
4 | 51858. 10 3 | s5084. 01
6 | 51978. 08 4 | 5833312 148
3 | 5%015. 28 3 | 55389.30
4 | 5%089. 78 b | 55455. 38
3 | 5%004. 08 5 | 55498 28
5 | 6%081. 09 8 | 55646.08
3 | 58152. 09 3 | s5019. 65
2 | 52183. 20 7 | 56690, 83
3 | 52255. 80 8 | 56795. 48
2 | 52284. 76 2 | 55885. 14
5 | 59305. 5 1| 56850. 35
4| 68436 44 4 | s5807. 84
2 | 52508. 41 4 | 659585, 30
5| 58774 14 5 | 55987.90
6 | 59855. 98 8 | 66108. 58
8| 60943 48 4 | 68174, 68
4 | 50992. 69 4 | s0255. 05
1| 69049. 02 5 | se280. 48
4 | 68118 29 3 | 56484 38
5| 6319485 13 4 | 56508, 10
o | 59982 40 6 | 50598, 61
4 | 58988, 41 5 | 56573 54
8 | 55345. 58 8 | s6717. 10
8 | 53890 42 4 | s0831.67
3 | s9009. 88 6 | 56832 90
1] 63847.77 8| 6714848
4 | 63848 63 6| 5714808
5 | s5002. 78 8 | 67500, 81
3 | 53060, 28 6 | 57702 80
® ® ® °® [
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W i—Centinued W —Centinued
Config. Desig. | J Lavel Intorval | Obe. ¢ Config. Desig. | J Lavel Interval |Obs. g
4 | 57803. ao? 5 | 59263. 63
6| 57919. 17 6 | 69410.53
3 | §3001. 56 2 | 59488.00
5 | 58170. 89 5 | 59673. 32
3 | 58200. 03 3 | 690s9. 12
8 | s8508.70 4 | 60385. 09
3 | 58044. 10 5| 80741 48
4 | s8777. 80 5 | 82154.50
5|58908.88F | fl ceeiemeena ] eemaanens S PO,
8 | 59128. 5% W u(*Deyy) Limit [._.| 64400
4| 6017111
March 1956,
Wi Ozseavep Tanus*
Configuration
10 2¢° 28 3¢ 34 34w Obeerved Terms
400 478 4% 41 5@ Bph+
5d* 6! { atp ::g a’F a'G a'H
ns (n>6) np (n2>86)
5@ By { 28 s'P°
8d%(a ‘G)nz a'G
waevne ‘3 oo B OE
*For predicted terms in the spectra of the W 1 isceleetronic sequence, see Vol. 11, Introduction.
wn
(Ta 1 sequence; 73 electrons) Z=T4
Ground state 15 25* 2p* 35* 3p° 3d¥ 4s® 4p* 4d™ 41" 5¢* 5p* 5d* s *Dyy
a Dy K 1.P. volts

In 1938 a preliminary analysis was published by Laun. Later Kiess reobserved the
spectrum and Zeeman effect, at the National Bureau of Standards, in the region longer than
2000 A. Short of 2000 A, observations were made by Boyce with the Carnegie Spectrograph.
Laun has measured these spectrograms and extended his earlier analysis especially for inclusion
here. There are more than 1,250 classified lines between 1756.684 A and 6219.77 A.

Mack and Mrs. Taschek have added seven new levels and the three-place g-values listed
in the table. Their Zeeman data have been taken from observations made with the Bitter
magnet, at the Massachusetts Institute of Technology.

°® ® ® e ] ) °
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W n1—Continued
The authors have a decided preference for arrangement by levels throughout the spectrum
because the departure from LS-coupling makes it difficult to assign term designations except
for the lowest terms. The writer has retained the listing by terms for the lower levels in con-
formance with the general format adopted for these Volumes. A ready comparison of term
intervals and observed g-valuee can thus be made with similar spectra.
The higher levels are listed in increasing numerical order. By analogy with Mo 11, and
from an examination of the observed g-values, Kiess and the writer have assigned tentative
designations to a number of these miscellaneous levels. These should be confirmed by
further study. They are consistent with theoretical calculations made by Trees.
No series have been detected in W 11. From a study of screening constants, Finkelnburg
and Humbach interpolate an ionization potential of 17.7+0.5 volts.
REFERENCES
D. D. Lsun, J. Research Nat. Bur. Std. 31, 207, RP 1125 (1938). (T) (CL)
W. Finkelnburg and W. Humbach, Naturwise. 43, 35 (1955). (I P)
D. D. Laun, unpublished material (March 1958). (T) (C L)
J. E. Mack and 1. M. Taschek, unpublished material (April 1956). (T) (Z E)
wWu wn
Config. Desig J Level Interval | Obe. g Config, Desig J Level Interval | Obe. g
54¢CD)6s D 0 0. 00 3. 186 5dv ‘F 3% | 22194 08 1. 119
¢ ¢ | 1518 78 11878 | 1ase %
2 | 317252 | (88781 1639 54(CP)6s P | 1% | 22503 06 122
3% | 4716.32 | ;oo o0 | 1.563
4% | 6147.16 - 1.522 5d¢@D)6s ‘D 33 | 23046. 80
5 a8 2% | 7420.43 1913 5 D 4 4% | 23234.87 1.249
544(°F) Ge ‘F 1% 8711 26 2580 0. 624 5d% ‘D 2 23450. 50 1. 297
) g}’f 15411 98 | 3110. 8 1 1% 5 D a: 23803, 84
45 | 1485723 | 1445.26 1y 234
5d 11 5% | 23955. 40 1 10
S4CP)6e @ | | o0en g | 1so.se | 3358 5 F | 1% | 24091 56
2% | 1343410 | 284158 | ' gaq '
5 sp 1% | 25169.87 1.64
8(D)6e a'D | 0% |18173.88 | | 00 oo | O 485
14 | 1463436 | "go0 4o | 1183 54'CH)6s H 4% | 26158 74
2% | 14967.82 | 32481 1013
34 | 15147.02 0. 872 5 P 2% | 26227. 00
5d¢(G)6e G 2% | 16234, 0. 995 5d'CH)6s sH 5% | 269029, 34
BT | e e 18 ) SOC | L s
5% | 17437.02 | 88388 | g Do i
5dCP)6p 8° | 0% | 58576.32 1 614
5d'(°H)68s ‘H 3% | 18000. 70 1. 098
5d¢D)6p B | 1% | 39129, 41 1. 147
540 D 1% | 18990. 96 0. 90
2% | 39936. 31 0. 889
548 G 4% | 19070. 68 1102 540D - % | 40040, 45 1 202
5 ‘G | 2% | 1027053 0.997 g 1% '” 1. 198
5d'CP)6s P | 0% | 1940408 0.64 ' i
3% | 42390.27 1. 161
54(CH)6s ‘H 6% | 19442 54 oy | 44364.88 1 390
5 'D | 2% | 19657. 88 1.103 o um. 1 0217
5 ‘G | 3% | 20089 74 L7 ) )
. . 1% | 20488 08 4% | 44758, 10 1.270
Sd°CH)Cs ‘H 4% | 20780. 38 1 065 14 | 44611. 68 1. 231
8 “F 2% | 22139. 97 1. 068 0% | 45457.02 0. 519
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W D—Continned W n1—Coatianed
Conflg. Desig. | J | Level | Interval| Obsg Conflg. Desig. | J | Level | Interval | Obe. ¢
1% | 45563. 70 1. 033 2% | 54375. 89
% | 40175 42 1 453 0% | 54408. 60
3% | 48385, 40 L. 238 3% | 64498.57
S4(D)6p o | 4% | 4049843 1311 2% | 64704 61 0. 633
0% | 46085 87 sd¢H)6p ‘He | 8% | 54968.568 L 141
1% | 47179. 94 L. 007 2% | 66168. 30
3% | 4741898 L &% | 65392. 37 1. 061
% | 47588 84 1% | 56488 01
3% | 48284 48 1. 366 1% | 56084 30 1. 031
8% | 48332.73 5% | 56376. 45
3% | 488%0. 70 1. 008 5dCH)6p He | 6% | 5643958
1% | 48982, 88 3% | 66612.74 1.23
3% | 4919453 1 499 3% | 66768. 61 L 147
0% | 49154. 50 2% | 56874 99 0.815
0% | 490181. 04 1. 409 1% | 66938, 87
3% | 49248, 10 1.510 4% | 67089. 48
2% | 50298, 33 1.334 3% | 67729. 98 1 184
1% | 60430. 85 2% | 67858.70 1.36
4% | 50868, 05 L 104 1% | 58007. 60
3% | 51045, 95 2% | 68336. 98
1% | 61854 40 158 3% | 68709. 56
2% | 61498 08 1. 301 1% | 68747. 94
544(D)6p oFo | 5% | 61495.00 L 054 5% | 68891.74 L 144
3% | 51863. 08 0. 937 3% | 69276. 81 1. 103
3% | 62087. 08 4% | 69999. 34 1179
3% | 62275. 28 1 207 3% | 69869. 14 L 135
0% | 52355, 11 0.981 3% | 69938. 66
4y | 52667. 15 5% | 60218.84 1 130
0% | 52508 78 L4 3% [ 60266. 45
8% | 52901. 74 1. 374 4% | 60278.71
2% | 53113.58 1.263 2% | 0as6. 51
1% | 63829. 71 1. 387 4% | 61066. 80
8% | 5333807 0. 968 5% | 61240. 81 1.120
4% | 63309. 97 1. 086 3% | 61320. 29
1% | 83422, 98 0.976 4% | 61360. 55
wPor | 0% | 63440.17 2038 5% | 61589. 48 1. 149
3% | s4088. 84 6% | 61608. 16
4% | 54086. 54 L1338 2% | 68383, 20
Pr | 1% | s4187.20 1 608 % | es516. 37
8% | 54229, 08
April 1956,
® ° @ @ ® ® ®
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RHENIUM

Rel

75 electrons Z=175
Ground state 15* 2¢* 2p* 35 3p* 3d'® 447 4p® 44" 4™ 5¢* 5p* 5d* 6s® S,y

6s® 1Sy, 63530 K 1. P. 7.87 volts

The Re 1 spectrum furnishes one of the finest examples of international collaboration of
any spectrum on the “Atomic Energy Levels” program. The present analyais represents the
work of American, Dutch, and Spanish spectroscopists. Klinkenberg, Meggers, Velasco, and
Catalén have completed their study of Re 1 especially for inclusion here.

The observational material consists of & new description of the spectrum supplied by
Meggers, including some 4200 lines. This was supplemented by measurements of Velasco
from spectrograms covering the vacuum region, taker by Catalén at Princeton University.
The present line list extends from about 1700 A to 11788.9 A and includes 2764 classified lines
arising from permitted transitions among 71 even and 211 odd levels.

The first measurements of hyperfine structure in Re 1 were made by Meggers. In his
1931 paper he states that about 25 percent of the 2,000 or more lines . . . show hyperfine
structure of 2 to 6 components.

Observed g-values are known for 75 percent of the energy levels. These are from Zeeman
spectrograms taken by Meggers at the Massachusetts Institute of Technology, through the
courtesy of G. R. Harrison. The patterns were measured by Meggers, and these data were
given to Catalén and Velasco who, in turn, derived the g-values.

The present interpretation is the result of all three groups, and greatly extends the earlier
work on Re1 by these authors. Observed intersystem combinations connect the systems of
terms of different multiplicity. For a number of terms in the table the LS-designation assign-
ments are based on theoretical work by Trees. He points out that the hyperfine structure
exhibited by the a *S term probably results from the influence of the 5d*(*S)6s *S term. His work
is still in progress.

The limit is derived from two triplet terms, interpreted as combinations of 6p *P° with
74 °S and 8¢ 'S, as reported in 1931. No improved series have been found from the present work.

REFERENCES

W. F. Meggers, Bur. 8td. J. Research 6, 1027, RP 322 (1931). (I P) (T) (CL)

P. F. A, Klinkenberg, Rev. Mod. Phys. 34, No. 2, 63 (1952). (Summary hfs)
. F. M , J. Research Nat. Bur. Std. 49, 187, RP 2355 (1952). (hfs)

. E. Walehli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL-1469, Suppl. 1I, 31 (1955).
(Summary hfs)

R. E. Trees, unpublished material (November 1956).

P.F

RP 2804 (1957). (IP) (T) (CL) (ZE)
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Rel Re1
Coafig. Desig. J Level Interval | Obe. g Config. Desig. J Level Interval | Obs. ¢
5 6 o8 | 2% 0.00 1.950 | 50G)6s biG |24 | 33381 63 542 01
5 6 a'P |24 | 1158396 | o000 0| 1278 4% |sapa a7 | 37200
1% | 1382613 | “IM2 18 | 1 i4ss 5% | 33317. 57
0i4 | 15165 89 2 368
D) . ) 54 60(a'D)6p | y'P° | 1% | 33589. 12 2. 835
o oD |38 | Iime s | 20234 | 155 w
2% | 1577042 | 1333561 1300
1% | 16327.51 | Z33-99 | 1708 [| Saessa'mep | P | 2% (3526794 | 50,0 o3 | 1385
0% | 17238 30 2 521 1% | 87915, 87 $47.93 1 1408
5d* 6 ‘G | 21 | 14621. 46 1. 151 0% | s7707. 86 ' 2620
a . .
a4 {15088 10 | 43673 | y'153 )l smesatGiep | 59G° | 1% | 3706305 | 517 44| 0.626
a% [1ee19.28 | 1303031 11175 34 | 738141 | SA0-781 o 090
5% | 16307, 15 1. 242 3% | 38520, 74 150.33 1 1218
a4 |ssess7s| A3 W I 12
5 609 a'D | 3% |17330.82 | _pi0 oy | 1.255 8% |s9916.39 | 01 1314
% | Totar 79 | —l0zae | 130 6% | 40485 34 304
o | WAL | TR B ey | o\t |
B 6a(a'D6p | sWP° | 2% | 189601 | yuer g | 2214 2% | 3064 02 | 58183 | 1 335
3% |2o47.8 | AT | 192 3% | s7785.65 | 129027 1 1 335
4% | 23631, 82 1.768 4% | 30666.09 | 1530381 1444
5d% 6s8 a'F | 3% | 21775 40 1.13 5K | 39196.74 1. 403
. D
2% | 24425 40 | —2650.00 | 1 ge7 2% | 97697, 68 1. 219
5ds 6 a1G | 4% | 22160.04 1. 198 2% | 39670, 52 1. 107
M | wmazm) BT Lo 5d% 6s(a '8) e | 3% 1.223
a '8)6p z 39844. 75 —3724. 61 .
B 6t a'D | 1% | 22422 88 0. 781 2i¢ | 43569. 36 - 1. 504
23 | 23154 81 731.98 | | 189 1§ | 48702.20 | 132841 1 g4
58 68 a®l | 5% | 23956.00 0. 995 1% | 40808. 85 1. 351
6% | 26348 96 | 239296 | ' yo5 3
0810. 17
5 6 o'F | 1% | 2618157 | o0 o0 0.650 A4
giz 28030. 32 seTs) L2 2% | 40801, 88 1.126
a% (2751431 | —1027.82 ¢ 3 5 6s(a "P)6p | y*D° gg 0.5 a4
4.946. 68 ('} .
50P)6s bP | 2% | 26661.43 1.32 21¢ | 41818 0e | —360.491 o9
1% | 30526, 60 | —3865- 17 1§ | 4166708 | —244 08| 1 855
[1)73 0%
5 H)6s o *H 2& 30 1| g g | 1208 3% | 41168 91 1.325
g}}g ariel 35 | _ g a I 4% | 4146818 1. 372
' 3 1843. 85 1. 190
5d%¢D)6s beD | 3% | 2714113 | _jpec0 oo | 1.34 R
21 | 2980038 | 385225 | 1117 | saesatPiép | s'D° | 0% | 4199166 262 63 | 061
1% | 27827.65 | _197213 | 0888 1% | 42264 19 2283 | 1578
0% | 30131, 57 2% | 43046 08| 30 BY 1laae
54 6s2 e | 0% | 27384 80 4 | 43dor. 87 ' 1. 368
4 2140. 08 1. 249
BMBa(a'8)6p | sP° | 3% | 28889. 72 2554 | 1709 % | 42140
2% | 28854 18 | _ 3554 | 1871 || s;esa®)Te | e |3y | 42508 27 1. 957
1% | 28961. 65 . 2 333 % o7s
43%41. 85 0.
5 680 a'H | 5% | 30559.91 1.07
4 | 3130930 | —839.39 1%7 | 43409, 11
5d'0F)6s b ¢F 3)}2 30645. 33 4% | 43458. 30 1. 336
2% | 3118608 | 00 g0 | 117 3% | 43816.01 1.348
13§ | 31460. 62 2% | 43949 98 1 385
50 6 BIF | 3% (3198299 | _ 00 . 5% | 43996. 30 1.26
23 | 32435 14 2% | 44054 21
54 60(a'D)6p | £°D° | 0% |32443.61| .0 00| 1762 1% | 44148.45 1.573
14 | smeres| g Qg | 150 4% | 44224 58 1. 244
3,’2 g%‘,’g: 21 musz| 144 2% | 44308, 78 1.223
45 | 3508800 | 140277 sD° | 0% | 44410 93 015
® o ® L ] ® ® o ®

;
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Re—Coatinned Rel—Continued
Conflg. J Level Interval | Obe. ¢ Config. Desig. | 7 Level Interval | Obs. ¢
S0a™Ts | 8 | 2% | 44703 37 1. 866 1% | 49250. 08 1. 363
1% | 44720.09 1. 330 5% | 49980.07 L0785
3% | 44901. 18 1258 2K | 49640, 0¢
2% | 44902 60 2y | 49673 11 L 344
3% | 44948. 12 0. 905 4% | 4968861 1 058
5d%('D) oFe | 8% | 45088.08 | _ 1. 40 3% | 49863. 22 1178
o ' o4 | sosrias | TI1B1 [ yan
34 | 47932.55 | 1080 29 | 131 1% | 49805. 57 1 989
0 | 1o0ar a5 | —oas 88 19 2% | s0110. 28 1. 765
989,83 | —19238 | 4450 ’ '
2% | s0168. 87 1. 422
1% | 45181. 81 0.674
4y | s0198. 94 1 345
2% | 4633203 1. 088
1% | s0269. 28 1234
4% | 45548. 57 1.131
3% | sos10. 70 1. 170
3% | 45488 89 1. 300
5d*6s(a'8)8d | e'D | 1% | 50332 60 8
P° | 0% | 48817. 26 2 197 21 | 50340, 62 8ot 20%
3% | 50859. 23 36 30 | 1820
1% | 45876. 84 1.384 41 | 50395, 72 88 63 | 1690
5% | 50464 34 L 629
5% | 45904 25 1176
4% | 50401. 01 1. 058
3% | 46987, 18 1. 208
2% | 50463. 80 1. 144
2% | 46118 24 1. 405
A\ | 50671, 02 0. 935
1% | 46141. 11 0. 716
5% | 50668. 51 1. 220
8% | 46360 99 L7
3¢ | 50889. 00 1.240
2% | 40509 40 1. 371
2% | 50084 18 1. 385
2% | 40640. 42 L334
2% | 50073. 17 1. 489
1% | 46733 38 1. 858
5d* Ba(a '8)6d eD | 4% | 50004 15 ses| 1548
1% | 47004 34 1.285 8% | 50088 47| _ 2901 1558
2l | 51035, 56 83| 1546
2 | 47101. 81 0. 893 1% | 5108078 | _,o 5
ol | 51049, 87 -
1% | 471781
4% | 51027. 98
0K | 47172. 9 2 218
s | 47205, 78 L 106 1% | 51188. 00 1. 456
’ 4% | 51198 48
3% | 47388.30 L1151 3% | 51229, 64 1 231
8% | 47500.79 1. 20 2% | 651477, 15 0.97
0% | 47084 74 150 4% | 61486 29 1.20
3% | 47e89. 01 1. 196 1% | 61678.05 0.92
1% | 47708.78 1 443 2% | 51590 08 1.02
1% | 47779. 91 1. 382 3% | 61647 82 1.139
8K | 47859. 98 120 1% | 51874 43 1.20
2% | 47899, 29 1217 5% | 51945. 94
2% | 47970, 88 1. 169 3% | 51965. 02 1. 200
3% | 48184 90 1. 252 4% | 52001. 87 1. 357
5% | 48589 6 L27 6% | 52122 35 117
8% | 48786. 35 153 2% | 52218 11 1.208
8% | 48857.60 124 6% | 52287. 20
3% | 49087 85 1 499 1% | 52278. 38 1. 422
4% | 40170 78 1135 3% | 50878 12
° ® ° ] ® ® °
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Re }—Cantinued Re1—Continued
Config. Desig. { 7 | Level Interval | Obe. g Config. Deaig. | J | Level Intervel | Obs. g
0% | 52400. 45 1315 4% | 56411. 88
2% | 5847281 0% | s6451.87 1.287
3% | s9e10.01 oy | sesss. 41
4% | 59741.30 3% | 56699. 41 1.325
3% | 50857. 44 1% 2% | s0sss. 76
2% | 52881 34 1.08 1% | s688e. 08 0. 479
1% | 52961. 69 114 0% | s7078. 31 094
1% | 58964 48 3% | §7000. 29
3% | 53058 74 1184 3% | s7178. 70 119
0% | 53185. 19 1.145 43 | 57380. 36 119
0% | 53888 28 1.372 3% | 67371.75
1% | 53298 782 1. 328 5% | 67301. 44 1.30
4y | 533%0. 95 1.88 6% | 57450 83
3% | 53335. 94 1. 290 2% | 67624. 81 1.40
4% | 53879 35 109 4% | 67650. 85 119
2% | 53989 73 119 5d68(aD)7s | FD | 0%
14 | 57665.43 | 140n ¢
5d%8¢(a '8)8e M | 3% | 58392 00 ga %g 1208 18
5% | 63467. 57 1.20 4% [rses g0 | 30826
8% | 53798 40 1. 203 1% | 68050. 58 111
1% | 53848 58 1. 160 3% | 65260. 03 1. 43
0% | 53928 90 1. 113 4% | 58479. 31
B% | 5394878 113 2% | 58332, 48
3% | 54018.19 0.723 1% | 58448. 51 1.82
3% | 54080. 62 1.22 0% | 68541. 88
3% | 54177. 85 1.270 8% | 58819. 38 1. 165
2% | 54208.18 1.200 1% | 59127. 30 1.20
2% | 84400. 61 1. 069 2% | 6917173
1% | 54487. 40 1. 361 14 | Sos9s. 45
3% | 6451384 4y | 59394 29
s% | 84664 61 5% | 69418. 40 115
6% | 54729.59 3% | 6784 o7
3% | 69926.91 1. 100
4% | 54818 19 L 185 2% | s0rs7. 28
2% | 54883. 08 1. 182 2% | 60837. 10 1.22
0% | 54908. 85 1.314 5% | e2140.97
8% | 55923. 35 1. 149 8% | 62350. 13
3% | 55454 48 L17 3% | 6849851 1.17
o% | s5778. 51 1 056 5% | 63267. 68 1.135
3% | s5901. 20 13> 3 Inhbaaathhhhhi Mahhh S R
1% | s5902. 01 Qa7 || (BenC) | Limit ). 63530
4% | 58918 42 1.06 6% | 63778 40
4% | 50307, 97 8% | 63934. 768 1. 07

November 1957,




effect of configuration-interaction.
persistent search has failed to reveal this term.

No series are known in Rem. From a study of screening constants Finkelnburg and
Humbach have extrapolated an ionization potential of 16.6+0.5 volts, which places the limit
near 133900 K.

REFERENCES

W. F. Meggers, J. Research Nat. Bur. Std. 49, 187, RP 2355 (1952).
J. L. Tech, unpublished material (August 19585). (T) (C L)
W. Finkelnburg und W. Humbach, Naturwiss. 43, 35 (1955).
W. F. Meggers, M. A. Catalén, and M. Bales, unpublished material (November 1954), (October 1955), (De-

comber 1957). (M) (CL) (Z E)

(Ip

In 1952, Meggers published a description of the Re iz spectrum that included some 1800
lines in the range 2000.47 A to 6026.60 A. Later, Cataldn extended the observations in the
short-wave region to 1500 A, with the vacuum spectrograph at Princeton University; and
Sales provided measurements in this region.

On the basis of this new description, the present analysis has been carried out by Meggers,
Catalén, and Sales. Nine “0dd” levels have also been contributed by Tech.

The observed g-values are from Zeeman spectrograms taken by Meggers with the Bitter
magnet at the Massachusetts Institute of Technology, through the courtesy of G. R. Harrison.

Approximately 1000 lines are classified, but the assignment of term designations has not
been attempted in maay cases because of the marked departure from LS-coupling and the
The absence of the low 5d**D term is conspicuous, but
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Re 1 Onsnavaop Tanma®
"o
1 28 ? 30 3p 3 Observed Terma
© 4™ 8ot Sp*+
«8 D) 4 D P G
Ll g ° oD &F aG o'H au
bIF
ns (n 26) ap (n206) ad (n 26)
50° Ga(a "S)ns “f 8 e D
8CD)nz $D vF
6d* Ge(a B)nz : :g
5d® Gs(a *‘Ginx 14GQ°
5% Ga(a *Pins v
5d°CP)n3 b
S5d°CH)ns a‘H
85CF)ns b¢F
8a*(C)nz bG
5d¢ 8*(a *D)nz 7D y'P°  'D® g F°
*For prediocted terms in the spectra of the Re 1 isoelectronic sequence, see Volume 11, Introduetion.
Renl

(W 1 sequence; 74 electrons) Z=175

Ground state 1s* 23* 2p® 38 3p* 3d' 45 4p* 4d" 4/™ 54° 5p* 5d* 62 7S,

6s 7S, K 1.P. volts

c ofe ¢
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Rell Rent
Conflg. Desig. J Level Interval Obe. ¢ Config. Desig. J Level Interval | Obe. g
PS8 | o8 3 00 2 05 5(6)6 P | 2 | 430077 A 219
’ 3 |gurs | MRS 1
50 o «D | 0 [13777.3 0/0 & | 3B0ss0. 9
10487
1 |4s2c0 | MST 1 150
3 |{14930.5 3831 148 2 | 42e77.0 LT | Ls2
¢ 148826 - L 48 3 | 53802 1 L 66
s&®e | a8 2 |[173235 L7t S#CF6p | 3'D° | O | 64488.0
1 | 663781 19011 Lam
BP(Q)0e| %G | 2 | 188458 2080 | 064 2 | 571588 st | 120
3 | 191307 ot i 3 |sessss | M3 | yigs
4 2 el vs 4 |esgsno | 3 L27
5 | 20076 & Sia2 | r2e
¢ (22031 L2 s¢P6p | yoP° | 3
2 | ss050. 2 _oLe | 181
SCP%e| a'P | 3 |26201 ... ] 126 1 | 851608 : 227
3 (2308 (MY v
1 | 33722 4 L 903 SF)ep | sF° | 1
2 | 654440 16083 | 1083
2 |223544 7 120 3 | 570608 1. 185
2545. 9
4 | 59696 1 prery 1177
1 | 33462 110 5 | 642823 L 81
5 | 233812 119 sdeFep | 2Ger| 3
3 | 674094 1852 4 | 1086
¢ | 238035 1275 4 | 598818 1502 1. 625
5 | 60986 8 118
3 | 247631 1 41 6
BM(¢G)6s | a'G? | 3 | 283212 0.90 S&CP6p | 2P | 0
( s |2e373 | 81| 112 1
5 | 25087.5 122 2 | 69388. 3 1. 520
1 | 266843 1 46 3 | 59665.8 119
2 | 26767.8 L 09 1 | 60487 2 L 128
3 |27627.7
3 | 217460 1.23 3 | 60525.0
+ | 280953 122 2 | 620673 117
2 | 20077.3 1 7.8 L 52
1 | 20427.2 1 368 3 |tu149 1243
4 | 296389
2 | 20728 1 1 202 3 | 630433 184
0o 207732 0/0 4 |esisr7 127
3 | 302248 1 398 2 | 63464 2 L 50
3 | 307175 1.26 4 | o40n2 L2l
4 |300825 1 188 2 |61 4 0.812
2 |310128 142 3 | 640402 1 36
4 | 322085 L 08 3 | 64068.9
3 |s2a57.8 L 114 1 | esoir.0 0. 796
5 | 323447 L 18 3 | 665728 1.28
2 | 328758 106 2 |eserio
4 |32087.3 154 3 | 681003 1. 40
4 | 33160.3 1188 8 |66m:a.1
2 | 34937.3 L33 4 | oo4r6.2
. . ) 5 |ess140 118
30063 L3 5 | 68587
5 | 360934 3 | ee730.5 1.274
3 |smmas 2 |sesrsse
2 |amssao Lo71 5 |ero49.1 129

¢ ofe @
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Re I—Continued Re 1—Continued
Config. Desig. J Lavel Interval Obs. ¢ Conflg. Desig. J Level Ioterval
1 67876. 1 L2393 3 71396. 8
3 87814. 0 L 194 2 71738.0 L4
4 47398. 1 L16 2 71048.0
) 68868. 5 L16 2 78134. 8
3 88354. 8 2 78580. 8
2 88629. 4 3 72840. 6
3 68868. 0 3 735653. 9
4 68876. 7 4 74064 4
3 09148. 5 1 083 3 74070. 8
3 69170. 0 L% 2 74383. 8
4 69883. 6 1.3 3 74469. 8
3 69502. 8 1 677 3 74633.0
3 69789. 8 3 76117. 0
4 69776. 8 138 2 75887. 1
4 09796. 8 4 70137. 1
1 70187. 8 L 637 3 76367. 8
3 70811.0 L17 3 77190. 7 1.11
1 71088. 7 3 77883 4
4 71198. 6 119 3 77975. 9
December 1957.
Re 11 Observed Terma*
Conf; tion
160 225 298 83
‘33‘ 3d% 442 £ Observed Terms
44 5ot Spb4-
5d¢ Gs* a'D
ns (n2>6) np (n26)
a8 s Tp°
8d%('8)nx { a8 sp°
weome | 5
afP spe
S#(P)ns { 2pe
S (¢ Finz s'D® sOF° s3G°?

*For predicted terms in the spectra of the W 1 iscelectronio sequence, see Volume m, Introduction,




OBMIUM
Os1

76 electrons Z=178
Ground state 1s* 25* 2p* 3s* 3p* 3d™ 4s* 4p* 4d™ 4™ 5¢® 5p° 54° 64 *D,
6 *D, 70450 K I. P. 8.7 volts

As early as 1900, “long before any theory of complex spectra had been developed”, Snyder
noted regularities among 55 Os 1 lines, but he never published his resuits. In 1934 Albertson
extended the analyses to iaclude 137 levels and more than 1050 classified lines. In 1938 he
reported that he had reobeerved the spectrum at the Massachusetts Institute of Technology with
high dispersion and recorded more than 4500 lines, of which 2169 were classified as combinations
among 234 energy levels. He derived the limit from the two-member series 6s* *D,, 7s D,
by means of a Rydberg formula.

In 1949 van den Bosch made more complete observations at the Massachusetts Institute
of Technology, including Zeeman spectrograms. He has, also, bad access to Albertson’s
unpublished material and, in collaboration with van Kleef, has extended the number of energy
levels to 257, and furnished the present list in advance of publication especially for inclusion
here. All the tabular g-values are from van den Bosch. His present line list covers the range
2000 A to 8645 A and includes approximately 6000 lines, of which 2387 are classified. Owing
to the departure from LS-coupling and to the effect of configuration-interaction most of the
levels have not been assigned LS-term designations.

REFERENCES

W. Albertson, Phys. Rev. 45, 304 (1934). (I1P) (T) (CL)

W. Albertson, Phys. Rev. 838, 940 (A) (1938), and unpublished material. (T) (C L)

P. F. A. Klinkenberg, Rov. Mod. Phys. 34, No. 2, 71 (1952). (Bummary hfs)

H. E. Walchli, A Tabls of Nuclear Moment Data, Osk Ridge Nat. Lab., ORNL—1469, Suppl. II, 31 (1953).
{Summary hfs)

J. C. van den Bosch and Th. A. M. van Kleef, unpublished material (August 1956). (T) (C L) (Z E)
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Conflg. Desig. J Level Interval | Obs. g Config. Desig. J Level Interval

o 6o D | ¢ 0.00 L4 s | smLe
3 | ama|~URB L4
3 | e _WRB 1w 3 | 2508071 0%
1 | sres1s | TNRB L L4z
o | ewa7 3 | 25503904

SO oF |5 | sam 138 « | 35601 58
4 | suass| TR 15
3 | ussoo| ~38 71 126 2 | #esi s 204
2 | 16598 1320 | 1@
1 | 13020 07 a3t 3 | 813052 12

P (F)6e oF | ¢ | nososs| _ 116 |{ 6d6etaD)6p | s7P* | 4 | ssssr77 | _ L&
3 | noeL37) "I 110 ’ 3 | sesries | "W} 14
2 | 1377438 1.00 3
2 | 1330483 (¥ 2 | 2841098

5 o0 oH | 4 | 1484808 _.o0 00| 108 3 | #8800.97
5 | m3mee| "IN L3
6 | 1485233 L4 | seestasDiop | o7F | 6 | 20000 41 L 48
3 | 18222 87 L6l 4

88(P)0e e | 3 | 163076 154 3
1 0
1 | 162241 174 3 | sessLos 14
1 | 17667.3¢ 140 4 | 2939420

()6 atp | 2 2 | 3005679
o | 1830140 2 | s0078. 18 148
3 | 1890194 120 5 | sos79.85 L4
o | 194801 1 | 3052498 L 557
¢ | w0887 103 4 | 2069145 1 54
2 | 194066 0.97 2 | M4BT 44 184
4 | 1089307 106 4 | sse8s61 147
1 | 21033 45 088 3 | ss124.48 163
3 | 2112306 0.9 3 | 3418540 LM
2 | 2130336 126 5 | 3436533 142
1 | 256305 s | 3450988 1.37

50a(a*D)6p | sD° | 5 | 2348800| oo, | L85 2 | 8509050 157
s | soes| M2 16
3 | ssorsos| <32 | 173 3 | ss615.98 151
2 | 2587548 204
1 1 | s6019.55 129
2 | 28317.60 127 3 | sesus s 116
4 | 2332200 104 2 | 6634 64 136
3 | 2398458 1.07 3 | sesos e7 148

L : v .
° ° ° ° ® ° °
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Os 1—Coatinued Os 1—Continned
Deslg. J Level Interval | Obs. ¢ Denig. J Level Interval | Obe. ¢

[ 30817. 94 Las 4 48748. 57 133
4 36826, 39 L4 3 43011. 58 L05
1 38970, 51 131 5 43401. 82 - ]
3 87808. 58 126 3 4343713 1. 00
4 37908. 77 145 ] 4551675 L3
] 7981, 71 L 48 2 43810. 81 L 05
4 88180. 09 LM 4 43754 64 108
1 38244 90 185 4 43863. 69 120
3 33904 16 L3238 5 43870. 12 L13
32 383%0. 75 L4 2 44075. 34 116
3 38480. 01 161 3 44144 14 113
i 38618 44 0.29 1 44474 88 Lol
] 38741. 19 1.60 2 44088. 07 131
1 33875. o7 190 1 44729. 98 L0t
3 39388. 95 L18 ] 448%9. 09 L19
] 30400. 98 118 ] 44869. 71 L35
2 39493, 80 093 4 44898, 67 123
2 39674. 89 L9 5 44921. 12 127
4 40087. 01 138 ] 45315. 88 1 30
6 40890. 44 1.30 4 46388, 63 107
4 40361. 92 132 2 45508. 46 132
1 40497. 48 218 3 45561. 99 100
2 40888. 08 082 5 45758. 63 1.23
6 41083, 283 133 3 45774. 65 112
s 41235. 02 L7 2 46169, 54 119
3 41231. 98 108 1 46208, 36 0.62
4 | 41785.58 Lo4 4 | 46263 48 112
3 41876. 63 1.30 3 46322, 99 L1
1 42999, 83 100

. 18310.25 L322 2 46406. 50 L15
s 48316, 68 L 03 1 46515, 45 119
1 12488, 36 L 86 3 46776. 29 1. 26
0 42588, 75 2 46812.87 1. 15
2 42658. 36 141 lor2| 46947.12

® L L ®
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Os 1—Continned Os I—Ceatinued
Config. | Desg. | 7 Level | Interval | Obe.g Coafig. Deslg. | 7 Level Interval | Obs. g
3 | 4708799 L2 s | sosr4 01 L13
4 | 47188 48 113 4 | soses. se 118
WDyt | oD | & | 4nse T - L& 3 | sos1m L18
s | s L7 3 | s0ses 97 L23
H 5 | s0877.19 L19
5 | 47900 95 131 3 | 50468 80
1 | 47477.08 L4 4 | s0s0s 53 119
3 | 4763058 0.99 3 | 50630 59
s | srers04 113 1 | 60589.89 106
3 | 4782708 L1 6 | 50030 26 113
s | 4184504 1 | 5067083 119
4 | 47889.53 117 5 | 50902 87 119
3 | 4798489 L2 4 | s0937. 84 118
3 47887. 97 3 50889. 17 1. 12
4 | 4819198 Sites(a’D)7e | «'D | 4 | sloss 4o _ 1368 32 1. 59
3 | 4890956 L 14 3 | s2u4869 1. 80
1 | 48838 08 0
1 | 4840038 0.98 3 | s1042.76 125
4 | 4888587 1.07 0 | 51166 38
1 | 48846.45 1 | &1217.7% 0.66
s | 4875810 116 3 | 51208 68 127
2 48773. 49 L 18 2 51811. 24 0. 90
3 | 4887408 1.28 4 | 6132930 107
3 | 48999.58 2 | 5164588 1. 50
1 | 49063.60 0.89 2 | 61665 94 1.09
2 | 411210 110 3 | s1758.65 113
3 49188, 11 123 [} 52042. 60 1. 17
3 49208. 03 3 52188, 11 108
3 49461. 19 2 5816%. 08 L21
4 | 4948199 120 2 | s#s37.78
5 | 49634 88 1 | 683749 L4
2 | 4961484 110 4 | 52490 56 L1
3 | 49680 45 3 | 5856881
3 | 4s878.57 0.93 3 | 6e804 13 0.99
3 | 4990854 3 | see77.88
3 | 4994708 119 4 | s¢15.84 113
1 | sooor. 38 143 6 | ses01.90 113
3 | so0183. 57 L16 3 | ss9s7.60 124
® o @ o
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Qs 1—Continned Os I—Ceatinsed
Config. Desig. J Lavel Interval | Obs. ¢ Config. Daslg. J Level Interval | Obe. g
2 53073. 84 1.2 2 56002 48
4 §3131. 26 L1¢ 5 56222 41
3 53338. 82 1.3 4 58729. 16
2 53484 05 1 57188. 30 L2
4 53447, 89 L13 3 57334 23
1 53454. 11 3 57826 90
[} £5357%. 00 110 4 58098. 19
2 53594 54 3 58688 20
2 53847. 07 4 58768. 76
3 53758 43 3 58908. 20
3 53886, 85 3 58957, 24
2 54048. 89 0 96 3 59074 97
2 54084. 40 2 590105. 95
1 54308. 45 L §7 2 50142 16
6 54328. 11 121 2 59170. 43
1 54484 87 Q59 2 59229. 84
3 54678 96 1. 82 3 59282. 85
2 54753. 20 3 59556. 04
1 54800. 46 1. 46 3 59582. 97
lor2| 54847 38 2 59602. 19
2 54867. 69 3 59750. 04
3 55388 87 1. 78 4 60649. 49
5 55402 47 L 40 | e e ee
i 4 55419. 00 08 10D 3¢) Limit |_._._. 70450
October 1956.
Os1 Osserviv Tzmus®
Configuration
1s® 258 2p* 35t 3p* 341 Obeerved Terms
48 4p* 4dW 41458 S5p'+
]
Bas a2 { D o
ns (n>6) np (n>6)
5d% 6s(a*D)nz { : :B * P #'D° =
54(F)nz { s X
S4(P)nz {ap
SFor predicted terms in the spectra of the Os 1 isoclestronic sequenoce, sce Vol. 111, Introduction.
e e e ® ® o ® o ®
" W =
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Os 11
(Re 1 sequence; 75 electrons) Z=170
Ground state 1s* 262 2p* 34* 3p® 3d'° 4¢* 4p* 44" 41" 5s* 5p° 54° 63 *D
a*'Dy K L. P volts
The analysis is from van den Bosch who has furnished the tabular data in advance of
publication, especially for inclugion here. His observations were made at the Massachusetts
Institute of Technology, and incdlude Zeeman spectrograms taken with the Bitter magnet.
There are about 250 observed lines between 2280 A and 4550 A, of which 73 are classified.
No series are known. From a study of screening constants Finkelnburg and Humbach
interpolate an ionization potential of 17 +1 volts.
Most of the levels have no LS-designations because of the departure from LS-coupling and
the effect of configuration-interaction.
REFERENCES
W. Finkelnburg und W. Humbach, Naturwiss. 43, 35 (1955). (I P)
J. C. van den Bosch, unpublished material (August 1966). (T) (C L) (Z E)
Os 1 Os 1
Config. Desig. | J Level Interval Obs. g Config. Desig. | J Level Interval | Obe. g
5d%(*D)6s ‘D 4 0. 00 1. 52 3 24980. 73 1.18
¢ ¢ 3| ases 18 18| 1s7 %
2% | 392894 Tjeas 1| 1.62 2% | 25452.13 1.09
1% | 559205 | o0 0| 1.79
0% 6636. 57 317 2% 37821. 63 2.22
2% 7891. 93 1.70 3% 35889. 49 1. 85
3 11459. 90 1.27 54*(*D)6 ‘D° | 4 15. 1. 44
A 0 ) 2| 3R | e | ol Tde
2% 11654. 08 1. 55 ?}}2 22%; fz 216. 32 } 31
1% | 1313061 1.40 0% | 48125.08 | ~1970.89 | 5o
3% 13203. 88 1.25 2% 48798. 70 1.39
2% 13414, 80 1.34 3% 48149. 39 1.5}
4% 15605. 58 1. 14 4% 51961. 81 1. 40
3% 17242. 26 0.99 3% | 652206. 48 1.42
1% 17424. 39 0. 97 3% 54879, 27 1. 34
2% 17569. 40 1.35 2% 54446. 19 1. 45
5% | 17688 64 1.20 2% | 56638. 65 1.09
2% 19590. 91 0. 81 1% 55635. 92 0.70
3% | 19008593 110 3% | 66791.36 1.28
4% 21590. 81 L1 3% 67402, 69 1.29
2K | 24465. 86 1.27

October 1958,




IRIDIUM

77 electrons Z=17
Ground state 1s* 2s* 2p® 38® 3p* 3d'° 4a* 4p* 4d™ 4/ 55 5p° 5d" 65® ‘Fy,
a ‘F,, 75000 K 1. P. 9 volts

The first regularities in Ir 1 were discovered by Snyder in 1900, who worked out an array
for 240 lines, but never published it. Albertson extended this work in 1932, and again in 1938,
when he reported that 1937 lines out of some 3100 were classified as combinations among 214
energy levels, He determined the approximate value of the limit by assuming “a simple
series relationship” between a ‘F and ¢ °F.

A new description of the spectrum including Zeeman observations has been made recently
by van Kleef, who has revised and extended the earlier work. He has also utilized Zeeman
spectrograms taken by van den Bosch in 1949 at the Massachusetts Institute of Technology.
His present line list extends from 2000.70 A to 8592.601 A. Out of a total of some 4000 lines
he reports that approximately 2000 have been classified. He has furnished the present data
in advance of publication, especially for inclusion here. There are 59 even and 163 odd levels
known, but most of them have not been assigned LS-designations because of the departure
from LS-coupling and the effect of configuration-interaction.
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Irl Iri
Config. Desig. | J Level Interval Obe. ¢ Config. J Level Interval | Obe. g
sd &8 a'? | 4 0.00 | _ 1.30 2% | ssseq 57 122
H) pmi oy i i | st o
1 407894 | 170588) 55 ' :
5% | 39940 87 1.32
3PCF)6e P | 4 283408 | _,0n) g3 | 133
3 7106 61 | "7 o3| 123 3% | 40291.19 1.26
2 9877.54 | “{os3 g5 | 117
1 11831. 09 Q54 4% | 40389. 83 1.28
S0P 6e a'P |1 10578. 68 | _ 0, 97 1% | 4062478 1.22
OK | 12505 68| “HTO0 ) 12 3 | 40710.78 L83
10.
S8PCF)0e a'¥ b 12218 47 869.43| 113
3 13087. 90 L17 4% | 41118.71 1. 37
S5&CP)6s s?P |2 12051. 67 | _ 1 49 0% { 41210. 38 2.39
14 | 1658835 | 313 1
0¥ | 1668t 20 2 61 2% | 41522 29 1.32
5d7 8a? a3G | 4% | 13030.80 | _ 110 0% | 42014 44 0.76
3% | 1777024 | —383044 | g op 6 | a0t 14 L1
taihed PPN e —cman) LY 5% msz' 8 1. 29
. . . 82 .
0% | 20236 70 | —1089.66 | 5 59
2% | 42267 86 124
M(‘D)& atD 2” 19060. 62 — 3049. 62 L 00
1§ | 22110, 24 1. 00 4% | 42879. 28 1. 38
5d7 62 a'H |5 19593. 25 | _ 1.09 2% | 43071.78 112
¢ n PR T4 3% | 48178. 15 112
5 8t 5D | 2% | 2331036 | _g910 12| 120 ' '
1 26229. 48 0. 94 1% | 43200. 89 0.98
S8d78s(F)8p | sD° | 4% | 20307.50 | _ 1. 48 3% | 48592 21 1. 45
3% | soses a0 | “A2218 | 4y
2 83064, 83 0125 | 1 50 1% | 44669.85 1 49
1 8246358 | _sig4 38| 158
0K | 85647 94 1. 30 2% | 44596.77 1.26
5d(*G)6s b1G 8% | 26365 16 0. 92 3% | 44642 67 1.34
4 | 2701384 154868| | o3 | piose s Las
5d¢ ¢'D | 24 | 2040417 | _ pes g | 118 ‘ '
1% | 27970 03 0.85 1% | 44786. 4% 1. 53
Sd'0s(CF)8p | s*F° | 5K | #8458 88| _ 1. 40 3% | 45111.88 1.08
4% | sss1sss | 108111 138
3 38874 —1045. 40| 138 2% | 45185.96 L
14 | 3ase0 13| -wms| L 1% | 46855. 14 127
0% | 38120 95| ~173079 | ¢ g o ‘5“5' . 1. o8
5d7 62(*F)8p 3 'G® 6% 32830, 78 —1349. 70 1,87 ’ ’
5% | 34180.48 | "_g00 1. 34 0% | 45503. 15 0.32
4% | 35080.80 | “gog g3 | 127
3% | 35410.68| “i20 7y | 132 2% | 45570.80 1.03
2% 85540. 84 —~2152 41 1 59
1% | 8769275 079 3% | 456895.85 1.18
54" 6e(*F)Bp | 2°D° | 3% | 37515.31 60.13| 1.38 5% | 46967.38 1.18
2% | 87446. 18 1.33
(1’;’2 2% | 46098, 84 1.21
4% | 46200 32 1.23
5d 6a(F)6pY] s4F° | 4 8787169 | _ g 55| 128
g 381568. 24 Y. 27 4% | 46971.64 1.36
1% 1% | 46471 84 1.21
% | 3882078 1.22 1% | 46618, 18 1.05
2% | 38358 18 1.8 3% | 46979.00 1.18
1% | 38484 74 144 2% | 47011.09 1.13
3% | 88508 08 135 3% | 47105. 12 1.28
0% | 39239. 28 1.58 0% | 47209. 81 2.3t
® ) ® ) ®




kb

179
Ir 1—Continued Ir —Continued
Config. Desig. | 7 Level Interval Obs. g Contig. Desig. | J Level Interval | Obe. g
4% | 47005.57 1.08 2% | 68327, 33 117
2% | 47637, 29 121 0% | 52388 38 191
3% | 47048.69 1.25 2% | 52606. 16 1.16
14 | 47824 93 1. 46 1% | 62806. 57 1. 36
5% | 47868. 47 1.30 2% | 53568 93 1.20
25 | 4820657 127 1% | 63642 06 1.13
4% | 48299 2, 1.20 3% | 6368699 112
1% | 48440 83 1.24 3% | 68771. 90 1.25
3% | 4844865 1. 05 5% | 54061. 29 1.14
3% | 48629 22 119 21 | 54119, 28 0. 97
1% | 48801 91 1.31 3% | 54140. 83 1. 10
2% | 49146. 44 1.22 a% | 54268.79 1.16
4% | 49158 61 1.26 1% | 54319 92 1.23
1% | 49342 51 1.22 3% | 54566.06 095
0% | 49446. 25 0.67 2% | 64689 81 0.98
2% | 49621 32 1.36 4% | 54667.64 1. 04
5% | 49719.17 1.31 3% | 54711 10 1.05
2% | 49779. 37 1.35 4% | 54892 63 1. 36
3% | 498238 54 1.22 3% | 54894 82 1. 06
4% | 50060.69 1.15 1% | 64986. 38 1.31
1% | 60100. 71 1. 38 4% | 65085.94 1.10
2% | 50169 88 1.00 5% | 66114 11 112
4% | 50434 46 1.00 1% | 66160.88 117
0% | 50445. 08 1.18 2% | 55303. 80 1. 50
1% | 50664 12 1.19 3% | 5538200
3% | 60580.39 0.95 1% | 65497. 38 1.16
5% | 50606. 38 1.04 3% | 65619.39 1.16
3% | 61107. 94 1.15 0% | 66685 36 1.18
1% | 61166. 64 1.21 1% | 55885. 44
5 6s(F)7s | ¢'F | 5% | 51175.04 1.42 2% | 66918 67 117
43 | 52508 89 | —1332.05 [ a9 ’
g?‘ 4% | 56979.05 1.16
! é 15 | s6016. 60 1.05
0% | 5612884 0. 65
2y | 61427. 16 112
2% | 66264 76 1.22
4% | 51470.74 1.22
3% | s6371. 08 0. 96
2y | 51814.75 1.33
43 | 56416 08 1.38
3% | 61852 38 1.24 ,
o% | 51983 92 1.42 14 | 66538. 45 1.23
2% | 52061.75 1.25 1% | 56788. 22 1.21
3% | 52134 11 1.32 3% | 56792.60 1.27
3y | seee4. 87 1.30 3% | 57042.80 1.15
5% | 52066 28 0.98 3% | 67186.64 0.99
1% | 52308 65 —-0.10 1% | 67247.67 1.39
) ® ® ) ® ) ) )
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Ir —Continued Ir +—Ceontinued
Config. Desig. | J Lovel Interval | Obe. g Conflg. Desig. | J Level Interval
8% | 57607. 48 0.98 1¥ | 60668 13 0. 94
1% 57787. 04 1.40 1% 60663, 13 1.13
4% §7774. 99 1. 14 2% 60781. 97 1. 00
b ] 58048. 08 1.00 1% 00764. 40 0.04
2% 58117. 84 1. 86 3% 681074. 71 1.13
¥ 58470. 79 1% 61431. 49
4% | 58570.87 0. 92 1% | 61481.37 0. 45
34 | b8085. 10 1.03 3% | 62018 84 1.35
1% 501565. 42 0. 88 4% 62079. 88
% 59854. 08 1.01 3% 62164. 91 1.35
5% 59525. 87 1.28 5% 62208. 67 1.20
1% 59564. 11 1. 19 4% 62220. 91 1.389
(3 59018. 93 2.01 3% 62377. 72 1.23
3% 50647. 72 1.32 (1)1 062425. 80
4% 59785. 87 3% 62757. 18 1. 11
3% | 59824. 53 4)% | 62835. 40 1.28
34 59878 02 1. 30 1% 83391. 27
4% 60012. 25 1. 38 4% 63469. 72 .27
2% 60062. 45 1. 35 3% 63976. 18 1. 41
3% | 609039.04 3% | 64618 16
] 00410. 48] 0 | e e
3% | 60049.30 T 17F) Limie |..__. 75000
October 1956.
Ir 1 OssErvED Txaums*
l
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*For predicted terms in the spectra of the Ir 1 isoelectronic sequence, see Vol. m, Introduction,
® ® ® ® ® o o



PLATINUM
Pt1
78 electrons _ Z=178
Ground state 1s* 3¢ 2p° 3¢* 3p® 3d" 4s? 4p* 4d"° 4f4 5¢? 5p° 54° 68 D,
6:'D; 72000 K 1. P. 9.0 volts

“A fairly complete wave-number system for Pt was sent to Rowland by Snyder in October,
1900”, according to Meggers and Laporte, who interpreted the early regularities among the
low levels when they observed Pt 1 in absorption in 1926. Haussmann studied the Zeeman
effect of 173 lines and reported 72 levels in 1927. Livingood revised and extended Hauss-
mann’s work in 1929, and his paper is quoted for most of the level values in the table. Except
for terms arising from the 54° ns and 5d* configurations, the assignment of term designations
on the basis of LS-coupling is extremely tentative, and the spectrum needs further study.

No homogeneous line list exists, although the observations extend from 1928.85 A to
10757.78 A. More than 440 lines have been classified. Kessler and Meggers have recently
observed the Pt 1 spectrum from 6648.32 A to 10757.78 A. In an attempt to classify these
lines in the long-wave region the writer prepared s complete line list and combination array;
added 5 new “odd” levels; and rejected 2, namely, 46007.8 and 46798.9. A number of strong
lines in the newly observed region still remain unclassified, however. Further observations
are needed to extend the analysis. Livingood’s notation is in the first column of the table.
The new levels can be detected from the absence of an entry in this column.

The observed g-values are from Livingood. These are also inadequate for further study
of the spectrum.

Goble pointed out in 1935 that in the Pt 1 sequence jj-coupling applies more nearly than
LS-coupling, to the levels having the configuration 54**D)6p. In LS-coupling this configura-
tion gives rise to the terms !*(P°D°F°). In jj-coupling the same number of energy levels
and the same resultant J-values occur, but each level is defined by two j-values, one for the
d-electron (1% or 2X%), and one for the p-electron (0% or 1%). By analogy with Aur and
Hg m1, Shenstone has suggested the j-values given in the table for 8 levels of this group. Of
the remaining “odd” levels, three with J=2 and one with J=1 belong to the 5d® 6p configura-
tion. The rest are doubtless from 5d® 6s 6p; but configuration-interaction and the lack of
sdequate observational material make it impossible to assign with assurance LS-designations
with limit terms. Consequently, the levels are listed in numerical order in the table. A
table giving the transformation from jj- to LS-coupling may be found in the book by Condon
and Shortley, p. 204,

The limit is from the 6, 7s *D, series, which represents the removal of an s-electron from
the d's configuration. It has been derived by s Rydberg formuls, but corrected to allow
for the percentage crror known to apply in the first long period, in cases where the more
accurate Ritz formula could be compared with the Rydberg formula for serics of three
members.
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Pt1 Pt1 .
L Config. Desig. | J | Level In'.n}l Obs. ¢ L Config. Desig J | Level |Intervall Obs. ¢ .
8D, | 3#(*Dyo s 6 D |38 00 28 | 5d*Gs 4 |46066. 1 1.3
e1D, " 2| mae |~ Y% 1 o wonz ) “7 . La
7 X
o, | soen 4| 807 135 a u-o.‘ Opun ) :“:a’ 28
1. X
el | 54 8dw'8 | 0| 6140.0 o
313 3 |48585. 6 1.02
e'P, | 50 00 2| 6587. 5 .13 22 | 5o 006 s lisrro.s L2
79. .
«iF, | 36 3 [10116. 8 334 we.o’ s ‘: L1
‘ 49880, 1
&'D, | 8D, )6s 6 D | 1101320 ?
341 11495446 1. 24
e 1D, | 5&0D;;)0s 6 'D |2[134963 117
353 2 149880. 8 112
a'F, | 5a8 00 3 {15501. 8 0.92
361 1 |50065. 8 0. 87
«'P, | 560 1 {18566. 5
50t | 5d% 6s 6p 8 |61097. 6 1.21
a'G, | 860 4 21967, 1 141
3 2 {51286. 9 .13
4D, | 5a* 6 2 [36638. 6 0. 97
383 2 (51645.6 1.25
D1 | a8 8s('F)6p 4 [so187.0 1.48
303 2 (61752 3 1.34
13 | 500Dy 6pus 3 [9£620.0 1.8
401 1 (62071.6 1
N | 5 6s6p 5 {83680. 5 1.82
€D, | 5#CDy)7s 7s ‘D |8 52370.3 |_pqq of 1.32
31 | 580Dy 6pes 3 (941001 L3 ¢ D, " 2 |52667. 2 °] 1.
4 | 5% 8: 6p 3 (85321, 7 1.33 413 2 |62708. 8 1. 46
5d% 6s 6p 4 [96296. 4 42 1 5%019. 2 1. 08
$3Gi | 5 6e(‘F)6p 6 [96781.6 1.83 433 2 63968. 8 1.32
51 | 5dCDug6pus 1 |36844. 7 1.00 5% 6s 6p 3 (65011. 1
63 2 {87842 1 115 443 | 5% 6s 6p 3 154830. 2 1L21
N | 5P DxJ8piy 4 |87890. 7 1.25 4512 2056216, 8 0. 06
8§ | 5*CDyu)0p 3 [87769.0 117 5 6s 6p 3 66586. 0
5 3F) | 5d% 6e(*F)0p 5 {38536. 8 1.30 ¢SF, | 54 6s('F)7s 5 (55640 7 1.41
108 3 [88815. 9 0. 88 D 4 [56784. 4 1.27
113 | 5 6s Op 4 (40194. 8 121 3 {67606. 47
123 2 [40616. 3 1. 38 2 |57987. 1
143 | 50D 0ps 0 lsos72.5 Es 3 (59751. 2
5 | s e 3 0 L1 Fa 3 [50764. 3 1.27
! b ' ! ) G 1 (59782. 8 1.07
161 1 |41808. 7 0.92 H, 3 |so872. 1 123
173 | 5d* Gs 8p 3 [42600. 2 1.19 1. 4 |50882 4 1.17
181 1 (48187. 8 1.89 Iy 2 |59908. 1 1.02
19 1 (48945.7 1. 21 ¢ 3D, | 8d'(Dy)7s 7s D | 1 (60357. 8 0. 52
207 | 54% 6s 8p 4 144488.7 1. 20 ¢ Dy | 84Dy 7s 7s 'D | 2 [60640. 6 1. 08
213 2 |44444 4 1.21 M, 3 [60700. 4 1. 07
22; | 56 0p 8 |447%0. 8 119 N, 4 [60884. 0 129
3t 1 [45898. 4 1. 52 Res 64129. 1
243 2 (46170. 4 101 Ty 6 [64141. 3
253 2 146419. 4 0.87 0. 4 164505. 9
26, | Sd*Ge Gy of4043.9| | ol 0 e SN
M | s 3 146628, & 113 Pt 10Dy Limit | ._172300
February 1955.
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(Ir 1 sequence; 77 electrons) Z=178
Ground state 1s® 25 2p° 3¢* 3p* 3d™ 4¢* 4p* 44" 4% 5¢* 5p* 5d° 'D,,
8d*°D,, 149723 L. P. 18.56 volta

The analysis is from Shenstone, who has observed the spectrum from 876.419 A to 4514.17 A
and classified more than 550 lines. His spectrograms were made with three sources, namely,
the arc and spark in air and the Schiler tube. He comments that “High even levels are
oalculated from arc or Schitler tube wave numbers which are approximately 2.5 greater than
the spark wave numbers” given in his published table of classified lines.

Shenstone’s notation is given in the left-hand column of the table, and his suggested term
designations have been adopted. The limit terms in the “Config.”” column and the primes used
in the “Desig.” column to denote the different limits have been introduced by the writer. A
single prime indicates that the Pt 11 term arises from the second highest limit term in Pt 1;
a double prime, the third limit term, ete. Since the Pt 11 spectrum has not yet been analyzed,
the limit terms are assumed to lie in the same relative positions as indicated by the positions
of the Pt 11 terms.

The doublet and quartet systems of terms are connected by observed intersystem combi-
nations. Many levels have been assigned numbers only, “‘because the coupling is more nearly
2 than LS.

The ionisation limit has been derived from the ns ‘F,, series (n=6 to 8) by means of a
Ritz formuls,

REFERENCE
A. G. Shenstone, Phil. Trans. Roy. Soc. (London) [A] 387, No. 783, 4563 (1938). (I P) (T) (C L)
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o
Sheastone Conflg. Duig. Level | Interval || Bhenstone J | Leval
8" ¥
3 D W D sy |-sumne | | 784018
Fos SPOTI0 6 F 9.6 |_ 006 450, 3% | 79702 8
i 9288.2 | _aom3 1 921 1% | 74000. 1
- a3 (— 9721
Fus 18791 ¢ 401, 1% 748408
1 S4CP)6s o¢ ‘P 16831 0 47
e Alten o [-usea 0 (% 3% | 74610. ¢
& 27175 481 3| 74748. 9
P, {7 41 ) [ ,
oy G ¥ 10007.9 | _saens | 8% 0% | 74786, 9
o S#CD)6s | o¢’ D za78. 9 . :: a: 76185. 3
- 1% | 76888 8
) Fus 5 6 6 F 24879. 6 st
::: :;Ol mz; :mg I 2% | 70402 1
o8 Fuy a3 |—1co :::: 1: 70810, 7
4% | 77510.9
:."u S CP)6s 6 P 272881 | o0 5
613G, 54°(Q)0e ’
6e’Gas ’ iy PReT| ;Le|| S 4% | 78006. 8
6p'Diy 5*CF)0p ép D* 51408.3 |_ o BB 2% | 79608. 1
1t Gu0.s | w1l O 2% | 80888, 7
—6194 0
b 08788. 8 581 3% | 81897. 9
6p ‘Gl 8&*CF)op G 81058. 6
204 o 53876 6 | T18™1 ::i 0% | 88530. 5
2% 57018. 3 “: ;: 82884 5
82973, 8
gvuh 5PCF)0p 6 F° 600078 | 7 g .y ol o
603 4% | 84189. 8
ke 62890. 6 611 8% | 86701. ¢
283, 63739. 8 623 a% | s9e08. 3
ot 04389.0 633 4% | 89863 9
304 04757.0 908 2% | 92400 0
3k 65351. 4 643 3% | 93s38. 1
b 65587. 4 8% 3% | 93482.6
s 06088. 3 081 4% | 94022.9
B 68434. 6 67h 2% | 967549
. 08058. 4 Ts Py 4% | 95803 8
4
365 69896. 1 Ta ‘Fug 34 vecis. o
L 09959, 7 4
3% 70181. 8 :'“ 3% [ 976%0. 9
308 70879, 8 70: :: 98187. 5
98817, 9
408 71315.0
pt 2% | #9209. 6
. 710485 T2 2% | 99797. 7
b 74091 57 783 2% |100289. 7
ke 73080. 7 /19 1% l100612. 0
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Pt B—Continned Pt 1—Continwed
Shenatone Config. J | Lavel | Interval }| Shenstone Confilg. Desig. J Level |Interval
76 1M (100788, 9 6d ‘H sCT6d od 0 1104762 9
e * e on 3% oscar 1| e
00 3% 1100008, 8 38
Su¢ 5S¢ 3% [101199. 3
11 SP0OMed 6d 5% |108068. 4
TThe 3% (101342 3 1345 ;8 105387. §
783 2% 101398, 7 3%
8% |101615. 91 13, 3d'CF)6d 6d 4% |106297. 1
™ % 14mg N 3% 106433 ¢ | —136.3
0% 3% |101649. 4 ?
Sl 5% |101018. 8
8s Py 54*CF)8s ] 4% (120626. 67
823 2% l101867. 7 :
834 3% [101917. 8 1
843 4% (109086 ¢ 1504 (¥ 7] 4% |124047. 0
858 3% l108415. 8 164 5 1d 4% (124487, ¢
808 1084020 0 e S RO,
8T 3% 1108517. 4 Pt m(F,) Limit |....|149723
August 1954
Ptu Ossuavep Tanus®
Co
18 20 2p* Sg.&i“ 49 Obeerved Terms
4p* 40V 4 5o Sp*
5d° 5d* 8D
547 &¢* 08 ‘F
ne (n 26) np (n26) nd (n26)
0-8¢ F iD* F*  6pG° 6d‘F 6d‘G 6d*H
50T { o oF ¢t G o
SOP)ar { &%
5d*CD)ns’’ 6’ D
5d%(G)ns’"! e’’’ 3G

*For predicted terms in the spectra of the Ir 1 isocelectronic sequence, see Vol. 1z, Introduction.
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Anil
79 eloctrons Z=T79
Ground state 1s° 2s* 2p° 30® 3p° 3d™ 4s® 4p* 44" 4f™ 5s° 5p* 50 Ge 'Sy,
6oy TU4I0O K 1. P. 9.22 volts

The analysis is from Platt and Sawyer, who have revised and extended the earlier work
by Thorsen, McLennan and McLay, aid others. They list 315 classified lines in the interval
1494.87 A and 10108.0 A. Their limit hes been derived by fitting an extended Rits formuls
to the ne 'S series (n=7 t0 10; 9 to 12), and the nd *D series (n=10 to 13), the average deviation
being +3 K.

They have assigned arbitrary numbers to the miscellaneous levels; these numbers have
been retained in the left column of the table.

The three-place observed g-values in the last column are from a manuscript by Green and
Maxwell, furnished in advance of publication. The writer has determined the 5 two-place
g-values: 4 from the observations of Symons and Daley, and 1 from data in the 1955 manuscript.

Platt and Sawyer state that the levels from the 54° 6s 6p configuration are divided into
two widely separated groups “‘based, respectively, on 5d* "Dy, and 5d* *D,y of Au m.” This
results from the fact that the Au 1 spectrum exhibits approximate jj-coupling, as is the case
with Au 1.  The levels of Au it having as limits ®Dy and 2Dy in Au 111 are commonly desig-
nated ’D,,; and D, 'D, when the limit terms !*D in LS-notation have their levels grouped in
peirs. In jj-coupling the pairs are described by the notation diy sucls and dy seqls:, respectively.
The complete configuration assignments have the form d3, and d% combined with the j-values
of the running p- and s-electrons, those for the running p-electron being 1% and 0%, and for
an s-electron 0%. The order of coupling of the vectors is not yet known for Au 1.

In the table the subscripts for the electrons have been introduced by Trees and the writer
to describe more fully the configurations of the observed levels in jj-coupling. Although the
criteria for these assignments are not definitive, yet & good guide is available in Au 1 from &
study of the observed g-values. For this purpose, the theoretical g-values for 3-coupling have
been calculated from the formuls by Mack, on the assumption that the d- and s-electrons
together are coupled with the p-electron. These are given in the following table, which is
complets for the 5d° 6¢ 6p array of levels. In the left column the jj-coupling notation is given
for each of the four groups of levels. Beneath it is an arbitrary notation indicating the J-value
of the limiting LS-level. This is included to facilitate comparison of the observed g-values
with the theoretical Landé g-values in ZS-coupling for the terms involved, which, in this case,
are *P°D°F° and *'P°D°F°. Observed g-values are entered where known. Leaders indicates
that the level is known but no observed g-value is available. Three levels marked ‘“‘absent”
have not yet been found.
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For the running 6d-electron no attempt has been made to indicate the j-values, as the data
are too incomplete. The limit term, together with s suggested J-value denoting the limiting
level involved, is, however, tentatively assigned.

Some LS-designations for miscellaneous levels, given in the literature, are quoted here,
and others have been added provisionally by Trees and the writer, but no attempt has been
made to group the levels into terms because of the departure from LS-coupling. For 5d* 6s 6p
levels Racah has made a theoretical study of the arrangement of the terms in LS-coupling for
Cu 1, which, combined with the observed g-values has served as a general guide in making the
present very tentative LS-term-assignments in Au I.
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(P 1 sequence; 78 elactrons) , Z=79

Ground state 15 2s 2p* 34° 3p* 3d* 4s? 4p 44" 4f™ 54 5p® 54" '8,
54" '8, 165000 K I. P. 20.5 volta

The analysis is from Platt and Sawyer, who have revised and extended the earlier work
by Mclennan and McLay, Rao, Mack and Fromer, and others. There are approximately
200 classified lines in the interval 820.42 A to 89899.7 A, but the work is still far from complete.

The spectrs of the Pt1 isoelectronic sequence are of apecial theoretical interest because
they approach jj-coupling rather than LS- or Jl-coupling. This appears more conspicuously
in the spectra of higher ionization especially among the levels from the 54°(*D)6p configuration,
A detailed study of ‘“The Four Vector Problem and Its Application to Energies and Intensities
in Platinum-like Spectra’” has been made by Goble. In LS-coupling this configuration gives
rise to the terms ¥(P°D°F*). In jj-coupling the same number of energy levels and the same
resultant J-values occur, but each level is defined by two j-values, one for the d-electron
(1¥ or 2X), and one for the p-electron (0% or 1X).

In the table the writer has assigned LS-designations only for the terms from the 5¢°(*D)ns
configurstion, although the jj-coupling applies here, also, as can be seen from the pairs of
8¢- and 7s-levels. The levels from 5d°(*D)np have the j-values of the d- and p-electrons, as
required for jj-coupling, indicated in the configuration column, the former being the same as
the J-values of the limit term *D. Shenstone has suggested that by analogy with Hg 111 the
configuration assignments by Platt and Sawyer be interchanged for the levels labeled 5° and 8°,
This has been done in the table. A table giving the transformation from jj- to LS-coupling
may be found in the book by Condon and Shortley, p. 294.

The obeerved g-values are from a manuscript on “The Zeeman Effect of Gold"’, furnished
by Green and Maxwell in advance of publication. They supersede the early work by Symons
and Daley.

Platt and Sawyer state that their limit is estimated, with the help of Rydberg term tables,
from the known terms of the 5¢° ns and 5d° np series.
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MERCURY
Hg!
80 electrons Z=80

Ground state 1a 24 2p* 3¢° 3p4 3d™ 447 4p® 44" 47% 50* 55 5% 64* 'S,
60 'S, 84184.1 K I. P. 1043 volts

The first spectrum of mercury has attracted the sttention of many investigators. Its
lines exhibit isotope ahifts, Paschen-Back Effect, hyperfine structure, Stark Effect, and other
phenomens.

With the development of the electrodeless Hg'* lamp, the spectrum has come into special
prominence. Meggers has pointed out that with this source the observed wavelengths provide
ideal and reproducible standards. Barrell has shown that these standards can be reproduced
with an accuracy of +1 part in 10%. The line at 5460 A is being considered by the Inter-
national Committee on Weights and Measures as the primary standard of length.

More than 600 lines have been classified in Hg 1. The observations extend from 745.95 A
to 39970 A. Observed intersystem combinations connect the terms of different multiplicities.
A number of “forbidden” transitions have been observed. Mrozowski discusses the structure
of two such lines, \2087 snd 22269, as due to the “nuclear perturbational effect’” in the odd
isotopes. This has been discussed further by Kesaler.

Shenstone and Russell comment that “The mercury spectrum contains long series but none
of them is capable of giving an accurate limit”’ because of perturbations. The writer has
obtained the value of the limit quoted in the table by adding the correction suggested by
Walerstein, +2.8, to Paschen’s value 84181.3. This limit gives fairly consistent values for
converting the different lists of absolute term values later than Paschen’s, into one complete
array of terms starting from the ground state zero. The tabular values of the energy levels
are not derived from a homogeneous line list, and the wavelengths are in general none too
accurate, even though selected ones observed with the interferometer are measured with
precision. Consequently, the narrow intervals given for some terms in the table are within
the errors of observation and the terms may well be unresolved.

The three-place entries in the table are from Burns, Adams, and Longwell; and from
Fowles, who has corrected the older values of 8p 'P; and confirmed the suggestion by Shenstone
and Russell regarding 6p’ 'P°. The two-place entries are quoted from Humphreys, who
has observed Hg 1 in the infrared, and also from Fowles. Walerstein has extended the series
of “even” terms, and his values have been used for higher series members. For the “odd”
series having the *S limit, most of the higher members are taken from Murskawa, but the
terms np 'P° (n=15 to 26) and np 'P° (n=17 to 19) are from Kamiyama. Sawyer and Beese
(1928) reported the 6p**P,, levels. The level 6p* P, is from Garton and Rajaratnam, who
designate the line reported by Selwyn at 1972.04 A as 6p *P}—6p?*P,, in place of Sawyer's
line at 1900.1 A. The long series having as limit the *D term in Hg 11 are from the lines
observed in absorption by Beutler, in the extreme ultraviolet. These lines represent transi-
tions between the ground term 64*'S, and levels above the ionization limit. Only the
transition J=0 to J=1 is to be expected, so the miseing components of these high triplet terms
have not been indicated in the table. There are also three components of triplet terms from this
limit below the ionization limit, which are listed separately, namely, 6p’ °F;, 6p’* Dj, and
6p’ P;. 'The J-values of the limit term and the values of the high *D limits arec quoted from
Beutler. Shenstone also discusses suto-ionization in his paper entitled “‘Ultra-Ionization
Potentials in Mercury Vapor.”

The observed g-values are from Green and Loring. Both Paschen-Back Effect and hyper-
fine structures have been extensively observed for selected lines, but few g-values are reported.
Only a small selection of the many references to this type of work is given below.
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Config. Desig. |/ Level Interval | Obs. ¢ Config. Desig. | J Level Interval | Obs. ¢
5d% 6¢* 6s* 18 ] Q. 000 5d™ 6:(28)8p 8p P* | 0| 76447. 848 19. 824
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1| 89418. 300 4630: 877 1. 479
2 | 44042. 977 1. 508 5d™ 6s(*S)8p 8p 1P* | 1} 70869. 904
5d™ 6:(*8)6p 6p P° | 1| 654088. 781 1. 019 8d® 6s*(*Dyyg) 6p 8p’ F® | 4 | 76945. 41
84" 8:(8)7s 7s 8 1 | 62350 456 2008 ]| 5d%6s(*B)7d 7d ‘D 2 | 77064 097
Bd™ Ge(*8)7s 7 8 0 | 63028 243 5d® 8:(*8)7d 7d D ; g%gg
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21. 018
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5d» 6s(*8)8d 6d D 1171336164 | 44 os5p 5d% 6 (*8)9s 9s 18 0 | T8404. 387
2| 71396 220 35. 091 L 109
3| 71431311 1.342 || 8d® 862(Dy)0p 6p’1D° | 3| 78670.7
5& 6Dy ) 0p 6p’3D* | 3| 78119. ¢ 5d® 6e*(1D ) Bp 6p’ 1P° 1] 78818
5d* 8o (’S)8e 8s 8 1| 73961. 208 54" 8:(8)9p Op *P* | 0| 79875. 788 36. 962
1| 70418. 745 200 6
54" Gs(*8)8s 8 8 0 | 74404. 500 21700188
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Hg +—Continuned Hg —Centinned
Coadlg. Dmig. |J Level Interval | Obs. ¢ Config. Desig. |/ Level Interval { Obs. g
80" 0008) 84 8d 'D | 3| 70660 785 5% 6:08) 134 130 %8 |1 838003
B4 6:('5)84 84 'D | 1| 79078 708 5d% 64('8) 134 13¢ '8 | 08268182
3| 70000 300 | 11 302
3 | 79702 634 54 6a(25)18p 13p P* |0
1| 82765 9 2.1
5% 6e08) 4/ v e |2 %ﬁ 7 L3 2 | 82795, 03
4| 797488 33 8d" 64('8)12d 124 'D | 2 | 83807. 421
84 6:08) &/ o P |3 797458 Bd 8508)12d 124 'D | 1| 828112 L3
54% 8e('S)9p o P | 1| 79964 1 3| 82815 3 28
5™ 82(8) 10¢ 100 *8 | 1 | s026a 086 5d* 6a08)10f 10/ 'F* | 2| gssis 7 L1
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. 106. 3
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1| 83%039. 3 219
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4| 81107 1 25 54" 6s(*8) 134 13d 'D |2 | 83069. 2
54" 640287/ 71 'F° | 3| 81106.5 53" 6s(8)13d 134 D | 1| 83074 o8
54 6s0S) 10p 10p P° | 1| 8158 614 3 | 83076 3 21
Bd® 64(8)11s 1me 8 | 1| 81418352 5% 620811/ 1y F° |2 83079.0 L1
3[8s080.1 | _o3
B5d® 648) 118 e 8 |0/ 81473 ¢ 4 | 83080.0
54 6408115 11p 'P° | 0 | 81800.0 5d* 6s(8)11f 117 ' | 3| 83080 4
1| 81811. 878 gt 2
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2 | 81908 7 42
3 | 81913 833 54 8s0S)15p 15p ° |0
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3| 81984 8 98
481987, 8 5d 6s(8) 144 14d 'D |2 |83263.9
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5" 64('8)12s 12 8 | 0| 821608 4] 832785 0.6
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5d% 6s08)11d 114 D |1 ]|82443.0 29 54 64(*S)16s 16s '8 | 0833348
2 | 824489 29
3 | 82449.2 5d 64(38)16p 16p 2P° |0
1 | 83396 7 0.8
5d% 6:(8)9f o F |3 5:2:,’*3 03 2 | 83407. ¢
4| seis6. 7 15 5d% 64(8) 154 154 D | 2] 83411L9
54 6408)9f of w* |3|c4568 B5d® 6s(8)15d 164D |1|8139 o9
54" 6:08)12p 12p P° | 1| 8464 06 3| 834157 0.9
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Hg 1—Continned

Coaflg. Deig. |{J| Lovel | Interval | Obe.g Config. Desig. |J| Leve
4% 6s08) 18/ 137 e | 3| 884161 Lo 54 84(8)31s 3108 |08z
3834180 H
4| 83400, 9 54 6:08)31p 31p P |0
54 6408)137 137 ¥ |3 | ss18 7 2 | ss792.8
54® 8408)16p 16p 'P° | 1| 834008 54" 64(:8)204 204 'D |2 83798 8
B5d™ 64('8)17s 1Te 8 |1|8s4s0.0 54 6408)20d 204 'D |3/ s3802 4
5d® 6408178 17 8 |0 834664 1| 88902 0
54 6e(8)17» 179 P* |0 5d* 64('8)22s 22,8 |[1]sss17.6
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2| 8ss81. e 54" 6:(8)22p 2pPe |0
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/ ¥ 3 | 8360s. 2 a1 CE)24p P 1
4| 83600. 3 2 | 83892. 6
54 84(S)17d 174 'D | 2 ) 83617. 4 54" 64('8)23d 24D |3|89002 | g4
5d" 8438V 17d 174 *D | 1] 83618 5 1 )
o 2|ssei00 | L4
3 | 83620. 3 54" 64(28)258 25, %8 | 1830180
5d% 62(*8)18p 18p 1P* | 1| 88619.9 84" 84(08)25p 25p SP° (l)
53" 64(*5)19¢ 19¢ 38 | 1838479 2 | 88920, 8
5d% 6:05)19s 19 8 |0 836512 5% 6208)24d 2d D |3|swso |_,
54 6408)10p 19p 'P° |0 2| 839380
2| 6sese0 | &1
’ 5d1 8s(35)26p 26p P° tl)
)
5d% 6+08)18d 184 'D | 3| 83690.7 3| ss04s.0
54" 8s08)19p 19p 'P° | 1| 838918
5 6s(18)25d 254 D |3 839557 | _o
5d% 6e(8)18d 184 D | 1| 836027 o1 2 | 83956, 2
2 | 83602 8 a2 1
3 | 83603 6
¥
S 6s018)20s 200 8 |1 887164 Bd® 64'8)26d 4D |3 s | -0
5% 6s(18)20¢ 200 8 |o0|ss71as 1
5% 6e05)20p 25 % |0 54" 64('8)27d 74 *D |3 830934
2 | ss745. 7 1
B8d» 6¢(*8)19d 19d 'D | 2| 83750.3 5d* 6s(18) 284 28d *'D g 84007. 4
54 6:08)19d 199 'D |8 ss7s3.1 1
b 3 |ss7e26 | %5
1| 83753 5 54 6s08)29d Nd D 38028
5" 6s(8)21e 218 | 11837718 1
° ® ° ° ° °
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Hg 1—Ceoatinued Hg +—Continned
Coufig. Deig. |J Level Interval | Obs. ¢ Coonfig. Deig. | J Level Interval | Obs. ¢
cecemaceccscecsmac|orescnannn R PO, Hg un(®Dyy Limit |, __.|119603
Hg n(8yg Limit |...| 84184.1 8d° 620Dy TP Tp'P* | 1 |119988
5d° 602Dy ) 0p Sp''P° | 1 | 88760 5d® 0(*Dy 7p 7p'3D° | 1 {100718
8d» 6p 6p* P tl) m 3884 8d* 64°( D) 8p 89’ 'P* | 1 [180978
2 8d° 662(Dy8p 8p'1D* | 1 |197854
84° 60Dy 62 6p’'D° | 1| 98787 5d* 62Dy 5f 5 P°1 | 1 127770
8d* 6(*Dy)7p 79’ P° | 1 105881 5d* 6(°Dy)9p op''P° | 1 |199981
84* 883( Dy ) 8p 8p’1P° |1 |119878 5d® 882(*Dyy)0p 9p’ 'D° | 1 |130058
8d® 6a2( Dy 5T S P°t | 1 (118786 8d° 682Dy 6 4 'P°t | 1 (150881
5d° 630Dy 9p 99’ 1P° | 1 115035 5 680Dy )10p | 10p'°P* | 1 [131444
5d* 622(Dyy 00/ & 'P°1 | 1 |115848 5d° 682Dy )10p | 10p’3D° | 1 (131535
84 63Dy )10p | 10p 1P° | 1 116498 5d* 62Dy 7f 77 P°Y | 1 (181644
5d* 820D, 7f 77 P°t | 1 (116616 5d* 68(Dy)llp | 11p'3P° | 1 [138345
8d° 630Dy )11p | 11p°'P° | 1 (117366 3d° 82°(*Dy;)8f 87 1P°? | 1 1389002
5d* 630Dy, 8f 87 SP°? | 1 |117488 5d* 823Dy 12p | 12p'%P° | 1 |132981
54 6a2(Dy,)12p | 12p7'P° | 1 [117915 1 5 620Dy 13p | 13p'3P° | 1 198312
8d® 603(*Dyy) 97 of WP°t | 1 |117984 5 620Dy ) 14p | 14p’9P° | 1 |138588
5d* 60°(D,,)13p | 13p’P° | 1 [118%07 5 680Dy 15p | 15p'3P° | 1 |18379¢
5d* 6* Dy 14p | 14p' 'P° | 1 |118585 5d° 6s%(*Dy,)16p | 16p'3P° | 1 |183940
5 623Dy 15p | 15p"1P° | 1 |118768 5 68Dy 17p | 17p" 9P | 1 184067
50 6820Dy 16p | 16p"1P° |1 (118912 | 00 |l e O I
84" 8°CDyY17p | 179" 'P° | 1 l119029 Hg n(D,y) Limit  |__.{134732
54 80°(Dy)18p | 18pP° | 1 [119119
February 1955.
Hg1 OpssrvEp Traus*®
Configuration
18 2¢* 2p 3¢ 3p* 3% Observed Terms
48 470 4dW 4 59 Sph4-
5d» 68 6818
5dw 6pt 6p* 'P
ne (027 np (n>6)
7 to 25¢ '8 8 to 26p P°
54% Gs(S)n= { 7to2ls 18 6 to 19p 1P°
6to 17p' IP° 6 to 10p’ *D° ’ IF°
5 620Dz’ { 6 to 18;’ 1pe g:' 1pe o
nd (n>6) nf (n25)
6 t0 204 *D 5to 18/ SF°
5d% Ga("S)ns { 6 to 21d 'D 5to 135 1F°
5to 9y Pp°
84 6ACD)ns’ { Sty b

*For predicted terms in the spectra of the Hg 1 isoelectronic sequence, see Vol. 11, Introduction.
265759—58——16
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Hgn
{Au 1 sequence; 79 alectrons) Z=80

Ground state 1s® 25 2p* 34 37 3d% 4s® 4p® 4" 4/ 8¢ Bp® 53" Bs %,
6s %5y, 151280 K I P. 18.751 volts

Although the doublet scries having as a limit the term 'S, in Hg 111 are well established
in Hg 1, the analysis needs to be revised and extended for terms from higher limits. In the
table, nearly all the seriee terms are from Paschen, who revised and extended the earlier work
by Carroll and others. In addition, he found the 64* D term and the levels labeled Z, Y,
U, X, C, B, and A in the left column of the table, headed “Author”. McLennan, McLay,
and Crawford extended the analysis in 1931 and added the levels that are designated by numer-
als in this column. Naudé (1929) suggested & slight improvement in Paschen’s 9 *D term value,
and added the series terms labeled 10 *D,;, 12 ?D;, 13 *D,, and 9 °F; in Paschen’s notation. He
also published a number of quartet terms, most of which are included among the miscellaneous
numberead levels. Three levels 76924, 77041, 91064, and one above the ionization limit have
been omitted here.

As suggested by Edlén (letter, 1958), it has been assumed that the g- and k-orbits do not
penetrate, and that the lowest G term is 5¢ 3G.

There are approximately 300 classified lines in the interval 893.10 A to 10590 A, including
the infrared extension by Rasmussen, who added the 5¢ *G term.

Paschen calls attention to the strong line observed in emission at 2814.93 A, whose designa-
tion is 68 3Sy—6s? *Dy.  This line is “forbidden” in two senses, in that it is produced by the
transition between two ‘“even’ terms and also violates the J-rule.

As in Au 1, the levels from the 5d° 6s 6p configuration in Hg 11 exhibit characteristics of
Jj-coupling. They have as limits the pairs ’D,; and *D, 'D, in Hg m1, which, in jj-coupling
would be designated as d% sy;| . and d¥; 85| s, respectively. The complete jj-coupling notation
for the 23 levels to be expected from this configuration should indicate, also, the j-values of o
the running p-electron (0X or 1%). Further details regarding this notation may be found in
the text for Au 1. By comparison with isoelectronic spectra, Trees and the writer have ex-
tended the published configuration assignments in jj-coupling, very tentatively, to include 19
levels in this group. A number of ‘“odd” levels still remain unassigned pending further study
of the spectrum.
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Hgm Hgn

Author Config. Desig. J Level | Interval )| Author Conflg. Desig. J Level | Interval

18 8d*(18)6s 6 8 0% 0 14 | 5l Gous Opug 2% 79704

D, | sd6s 62D | 3 25514
D, 15’2 50553 |—10038

8t " 2% | 84834
3P, B 6p*P°| O 61
1 (8)6p P 486 9123

4 " 1% 86177
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Hg —Continued Hg n—Centinned
Amhul Coallg. Deaig. | 7 | Level | Interval [|Author Couflg. Desig. | 7 | Lovel | Interval
% | sssesr s 8d»(8)8d 84D | 1% [134563
:: S S S 1: e 3 | s0m) W lase |
3 3% lissaoe
™ ! M| e u:“ 5*(8)9p 9p 'P* . 135487
S » 3% | sss08 5P, b+ Qs+ 33
A 3% |136268
3B | 54%08)T 7e 8 | o% |o9sT4
. 2% |136712
Ot | Sdlig Gang Opu¢ oy | ser2s5 88 5d%(:8) 108 10s 8 0% (138434
108 " 2% | 9708, 6F, | 5a(8)T 77 F* | 3% 138798
% 4 oF; oy 4 % (i5ais -1
11° | 5dt Gagg Spue? 1%? 100859 6 | sacs) |3, 4300z ¢
121 z 1% |108188 % o
6D, | 5d*(8)9d 84D | 1% [139627 o8
z z P | 0% [108870 6D, 2%  |139605
1° ” 247 |10 6P, | s5d(8)10. 10p 3P° | 0% 140128
3D, | 5d#(8)ed 6d 1D 1: 1o::: oF; e " W i !
3D, 2% 106543 560 Ba 2% 140135
Y P | 1% |106088 68 | 5d%(8)1ls e 8 | oy |410145
16° 3% |108s1s 7F. | saws)s o | 3% liss1e7. 8
% 7F} 88 i % i) -3
U | b o b BT | 0% j100ses 7G| 5de08)7 79 3G | 3%, 43 142203 4
Du | Saby Gaue Opus 0% |1ose1s 7D 54":'8) ;;4 10: D 1;4 142660
18 1% 106714 7D; 2% |142700.5 | 150
3P, | sawes)7 Tp OP° | 0% |108898 7P, | sdw(s)i1 1p 3P° | 0% 148969
3P, )T P 1§ 111970 372 7P, S P 1}}2 1%7 158
0% 3% 108974 78 5d1(18)12s 125 *8 04 |144150
X | 5dl Gowg Opus spe | 1% 100189 8F, | sd»(s)9f of F° | 2% 144889 1
8F, 3% [144890
T | S0hs Goue O 14 |1tosos 8G | 54(8)8 89 'G |3K, 43 |14440L 7
‘Pl 3% L0848 8D, | sd(8)11d 11d *D 1;4 144653, 2
is | Bl Oas Opr 3% |11117e 8D, 2 [144679. 6 2.4
‘Dl 2% |116200 4Dy 0% (144910
D¢, 1% 117339 9, | samBI0y 107 oF | 3% |14s7es -1
Pk 0% a7 90. 5d%(8 1G |3%,4 x‘zzm 35,
38 5dw(:B)8s 8 8 0% [121416 oft w(ls):: :: sHe 4:' 5% ,4 8. .
c sFe | 2% (181980 8 » 54 145849
9D, | Sd®(8)12d 124 5D | 1% |146025.6 a7
B 1% |122186 9D, 21 |146053
aF, | sdws) P | 8y 1ss1se | _ 2% (146647
¥, Y 3 4 |res4o8 w 10:}“ 5d*(18)1 108 3G |3 %4 146880, 4
4Dy | 5d(8)7d 7d°D | 14 |125324 254 (%100 o A 44
4D, 2% (128578 10H | 5d%(8)104 106 SH | 4%, 5% (140888
10D, | 5d(8)13d 13d 3D | 1% 147014
o I Il O . R < DO U . o B
[ g y 3
48 | 5908)0 9 8 | 0K (132550 12D, | 5d%(8)1isd 154 'D | 1% [|148311
3 ez 13D, | sdm(S)16d 16d *D 35}: 48743
4Dy, 14874
5F, | sde0s) tpe | 3% [133867.5 : 2
5Fs v v 2}’2 133350 i N N N ” _________
5G | sam(s)s, 59 3G |3y, 4% h13ses3 Hg n1(8,) Limit | ______ 151280
February 1958.
L L | o o ® L J ® o
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(Pt 1 sequence; 78 electrons) Z=80
Ground state 14 24* 2p* 34 3p* 34" 4s® 4p* 44" 4/™ 5¢* 5p* 54" '8,
54" 18, 276000 + K I. P. 34.2 volts

Foster has revised the earlier work on this spectrum by Johns and others, added 13 new
levels, and published a list of 99 classified lines between 610.46 A and 8151.64 A. The energy
levels in the table are quoted from his paper. He has reobserved the spectrum from 2240 A
to 10000 A, by means of an electrodeless discharge, and utilized measurements by others in the
short-wave region for transitions between terms otherwise well established. His interpretation
is supported by observations of isotope shifta.

Johns has published a list of nearly 500 classified lines between 570.91 A and 8451.1 A,
attributed to Hg 11, and 41 levels not reported by Foster. Most of the additional levels are
sssigned to the 5d°6,7d; 54° 8s; 54" 7p; and 5d° 5/ configurations. This more extensive list
needs further confirmation because some of the lines may not belong to the Hg m spectrum,
Nevertheless, “s large part of the analysis as presented by Johns is confirmed .

The spectra of the Pt 1 isoelectronic sequence are of special theoretical mterest becsuse they
approach jj-coupling rather than LS-coupling. This appears more conspicuously in the spectrs
of higher ionization especially among the levels from the 5¢°(*D)6p configuration. A detailed
study of “The Four Vector Problem and Its Application to Energies and Intensities in Plati-
num-like Spectra’”” has been made by Goble. In LS-coupling this configuration gives rise to
the terms #(P°D°F°). In jj-coupling the same number of energy levels and the same re-
sultant J-values occur, but each level is defined by two j-values, one for the d-electron (1% or 2¥),
and one for the p-electron (0% or 1%). The j-values for the d- and p-electrons, as required for
Jj-coupling, are indicated in the configuration column, the former being the same as the J-values
of the limit term *D.

In the table the writer has arranged the levels in numerical order and retained in the left
column the arbitrary numbers used by the authors to designate the various levels. She has
assigned LS-designations in the case of the !*D terms from the 54°(*D)ns configuration, al-
though the sj-coupling applies here also.

Foster adopts jj-coupling notation for the levels having the configuration 5d° 64*, assigning
the first group of three levels (J=4, 2, 0) to “5d; 4, 66*”, the next group of four (J=3, 2, 1, 4)
to “5d5, 4 66*’, and the last group of two (J=2, 0) to “5d3,,, 6s’. A table giving the
transformation from jj- to LS-coupling may be found in the book by Condon and Shortley,
p. 204.

Johns states that the limit is approximately 276000, which is quoted here. Mack and
Fromer derive the value 34.3 0.3 from a Moseley diagram for the sequence. In making the
diagram they used s Rydberg formuls for the first two members of the 5d°(*D,,)ns series,
J=3, and applied the same Ritz correction as for the Au 1like spectrum of the same stage of
ionization.
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Hg m Hgm
Author Config. Desig. J Level Autbor Config. Desig. J Level
s 8d» 34w 8 0 00 st 8d* 8 6p 1 168886. 8
t S&*C Dy te 6 D 3 43850 3 140 8d* 60 6s 8 0 158900, 0
& 8CDyY 0 6 D 2 46029. 5 534 5d* 8¢ 6p 2 159801. 4
4 SP(GDyy9) 6 6 D 1 58408, 8 533 84° 6s 6p 3 160016. 7
8 8°(Dyy) 6 6 'D 2 61085 7 541 8d* 6s 6p 1 160170. 0
6 5é8 0 6 IF 4 97803 8 233 5d* 6 6p 2 160789. 3
n 8 (Do) bpus 2 108549. 4 861 5d° 8s 6p 1 160920. 9
N 58*(* Dy Opug 3 105617. 8 243 8d® 6s 6p 4 161888. ?
' Sa® 6a? 2 106027. 5 253 5d® 8s 6p 2 181431. 4
% Sd 0 3 112226 0 264 5d* 6s 6p 3 161401. 8
] 3Dy 0pusg 4 117994. & 273 5d% 6s 6p 4 188156. 01
] 5d°(D ) bpug 2 118548.0 284 8d* 64 6p 2 162972 8
4 5d%(*Diyg)Bpe 1 118607. 4 203 5d* 6s 6p 4 163451. 4
11, 54° 6s? 2 118926. 5 561 5d* 6s 6p 1 163818. 8
] 8d*(*Dy;0) 6pu 2 120927, 8 303 5d% 6s 6p 2 164905. 3
n S&8( D35 6pyy 3 121608. 0 313 5d% 6s 6p 3 165004. 87
8 54 6e* 0 122661. 0 323 5d% 62 6p 3 166179. 4
10, 5d* 64 1 122734. 9 333 5d* 63 6p 2 166311. 1
12, 5d* 84 4 126468 3 343 5d% 6s 6p 3 167580. 3
8t 8d*(Dy)6p1 1 126566. 8 353 54 65 6p 3 189063. 0
% 5d°(Dyy) 8p1yg 0 180708, 4 363 54° 6s 6p 3 169666. 8
18, 5% Gat 2 133731. 5 m 5d* 6s 6p 3 171366. 77
108 5d*C Dy, 6pyg 3 184588. 0 573 5d% 68 6p 3 171700. 8
i 5d*(\Dyy0) 61 1 184998. 7 383 5d* 6s 6p 2 173968. 5
121 50Dy, Bpyyg 2 136479.0 303 5d* 65 6p 2 176512.0
4 54" 6s 6p 1 147142 4 403 5d* 6s 6p 2 177281.0
48 5d% 8¢ 6p 3 148426.0 15, 5d(1Dyy) 78 3 178428, 2
133 54" 6s 6p 3 149717, 8 164 5d'(AD,y)7s 2 179039. 1
143 5d* 6s 6p 4 1502786. 01 413 5d* 65 6p 2 180246. 8
151 5d% 6s 6p 1 150278. 7 423 5d* 6s 6p 3 183544. 2
161 5d* 6e 6p 1 150857, 0 433 5d% 6s 6p 3 184698. 4
17t 54" 64 6p 1 161997. 6 443 5d* 63 6p 3 187028. 5
183 5d* 6s 6p 2 158254 61 27, 5d'CD,,)7s 1 1904078 6
108 5d* 6s 6p 3 164218. 9 28, 5Dy 7s 2 194476. 0
493 5d° 8e 6p 3 164717. 9 453 5d* 6s 6p 2 194904. 0
208 5a* 6s 6p 3 166796. 1 463 5d* 6 Bp 2 196377. 9
i1 5d* 6s 6p 3 156680.0 || 0000 |eceemmcmceemmefeceemmmaa| e
503 5d* 6¢ 6p 2 157877. 8 Hg 1v(*Dyy) Limit |.._..._ 276000
2% 54" 6s 6p 2 158204. 9
Beptember 1954,
L L ® ® ® ® ®
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Hg v

(Ir 1 soquence; 77 electrons) Z=80
Ground state 15* 24° 3p° 34* 3p* 34" 44® 4 44" 41" 5¢* 5p* 5d° "Dy
8d° Dy K LP volts

The spectrum needs further study. By analogy with related spectra the ground level of
Hg 1v is predicted with certainty to be 5d° "Dy, as has been pointed out by Edlén. The analysis
is from Subbarays, who has classified about 200 lines between 938 A and 7517 A from wave-
length measurements by Caroll, Bloch, Déjardin, and Ricard. A homogeneous line list con-
taining accurate wavelengths is needed to confirm and extend the present work, since the limit
of tolerance within the multiplets is inexcusably large.

No series are known. The doublet and quartet terms are connected by observed inter-
system combinations.

T. 8. Subbarays, Proo. Indian Aced. Sal. [A] 1, 39 (1988). (T) (C L)
B. EdMa, letter (February 1058).
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Hgwv Hg v
Anthor | Coalig. Desig. J Level | Interval || Autbor | Consg. Desig. J Level |Interval)
1 | svemes | 6 @ 4 0 s 3 74708
: A o | e
10 1 15438 | 34
e 2% 75779
3 | s 84D 2 2198 | _gie.
7 1 10876 7 3% 77046
3 | sdree o 7 4 5653 s 3 78856
H 3 7807 | —TM4 "
s 3 L Rt 10* 3% 79919
15° | 8d*CF) o | 3 85058 | _
11 | seP6e | 6P | 2 2011 | _gaeo Il 182 il 2 ssse | —399
12 1 a0 | 338 19° 1 ss1s | 130
4 0 24564 20° 0 20387
18 | sdves o8 P 3 24084 —oa? 14° 2% 86091
18 1 25001 -+
16 0% 28803 15° 3% 88380
17 % 42131 16° 1% 3% | 87186
18 2%, 3% | 44509 21° 2% 91758
19 3% 53342 28 1% 2% | 101808
2 3% 55664 u° 2% | 109855
2 2% 57122 25° 2% | 108353
22 3% 57270 26° 1%, 2% | 106210
23 3% 59490 27 2% | 108385
1° | 0P 6p F* | 4 70667 28° 1 106748
5 Fié ? 35 zees5 | 508 % +
9 2 70688 | —3%33 29° 1%, 2% | 108798
12° 1% 82884
2 5d°CF)6» 6p ‘G° 8 74419 il 24 113048
11° 4 giose | —HW 4 e 24 | 114508
17 3 srses | 9738
3¢ 2 92037
February 1958.
"Hg1v Onsazvep Tarms®
10* 2¢% 2p* 3¢* 3p* 3d» Observed Terms
b 435 40 4 568 Bph+
¥ 5D
547 60 68 P - 8
\
ne (n 26) np (n26)
5PCF)Ins & F 6pD°* 6pF*  6pG®
5PCP)nr’ & P

*For predicted terms in the spectra of the Ir 1 isoelectronic sequence, ses Vol. 11, Introduction.




81 electrons Z=81
Ground state 1¢* 24° 2p* 34* 3p* 3™ 4s® 47" 44" 4™ 54° 5p* 53" 6s* Gp *Poy
6p 'P;, €9264.3 K 1. P. 6.106 volts

The analysis ia chiefly from Fowler and Paschen-Gatse, but some terms have been added
from later papers. Meggers and Murphy have observed T1x in the near infrared and added
the terms 7, 8/°F°. Beutler and Demeter have observed in abeorption, ultraviolet combina-
tions with the ground state giving the terms ne*S (n=38 to 20) and nd*D (n==6 to 23), thus
extending the former series by one member, and the latter by five. For the *D series they have
observed only the level with J=1¥%, but for n>>12 these terms are listed in the table as un-
resolved. They give, also, the levels ‘Pyg,u,, "Dy, and *Py from the 6p® configuration. Clear-
man has measured 13 T11 lines, adding the component 8p® ‘Pys and the levels labeled 2° and 3°
in the table.

The writer has utilized the later observations to improve as many values of the Tl 1 energy
lovels as possible. For levels above the ionization limit, rounded off values are tabulated.

Beutler and Demeter list, also, 9 lines observed between 651.42 A and 891 A (153510 K
and 112250 K, respectively). They suggest that these lines are probably due to the transitions
involving configurations 5d'° 6s® Gpyc5d° 6s® 6pg, np (or possibly nf).

There are approximstely 160 classified lines extending from 651 A to 51057 A, including
s number of forbidden combinations. The observations by various authors do not yield
precise term values even though the analysis is essentially complete. The spectrum exhibits
hyperfine structure and isotope shift, and several papers deal with Paschen-Back effect and the
Zeeman effect of hyperfine structure. Only a limited number of references to these topics is
included below. Back and Wulff report the hyperfine structure separation of the ground
level as 0.708K.

The series are long and well established. The limit quoted here is from Fowler. Beutler
and Demeter state that the term 10s 'S is perturbed because its combination with the ground
state is affected by a neighboring line classified as 6p *P3,—6p* ‘Py,. This is based on their
study of the series fitted to a Rydberg-Ritz formula.
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Beutler und W. Demeter, Zeit. Phys. 91, 148, 202, 218 (1934). (T) (CL)

kubo and 8. 8atd, Zeeman Verhandelingen p. 258 (Martimus Nijhoff, The Hague, 1935); Sci. Reports

Mlnpﬂnlv[l]ﬂ.lﬂ(lﬂ) (ZE) (bfs) 1 B)

. Am. 43, 378 (195%). (T) (CL)

. Jl(urphy]Raethut.Ban&d.“.memaow) Ip (M (€L

Walehli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL~1469, 61 (1853). (Summary hfs)
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m mni
Confg. Desig. J Level Interval Coufig. Desig. J Level
pe 00 04(8) 130 13 8 47654 7
ao N m a7 | TR v((:r 1% 18p 'P* o;:,“ 1% 4r847.7
08)Ts 708 | 0% | serns ) ? :
o 7 e | o s 6#(8)124 124 'D |1%3%]| 48700
’ ’ 1 ss161.1 | 10013 64(8) 14 e 8 | 0% 47082 3
er08)6d & D | 1% s6117.9 64(8)1 14p 'P° 1 189. 0
~ ™ 301989 @ ..-2:)) 1: 1: D ‘:: ; ::m. 3
6*(i8)8s 8 W | 0% $8745. 9
o o b | 0% oy 66('8) 156 160 B | 0% 48223 3
1% 708 | 337 64(8)15p 16p 'P* |0, 1%| 483318
74 74D | 1 42011 4 6P(18)14d « D |1 ]
& (8) L 420114 2.6 8)1 1 % 3%| 48339.8
60(8) 16¢ 160 8 | 0% 48399, 5
6’ (8) &/ 5f SF° (2%, 3% 483184 00810 10p 0P* |o0% 1%| 484005
6o*(8) % % 8 0% 43166, 2 ’
w9 o» 12 | 0% 44350.9 6#(8) 154 154 D [1%, 24| 48488 6
1% 445685 181 6 84(8)17s 17 8 | 04 48534 8
6+*(8)8d 8d D | 1% 44672, 6 2.1 6¢:(8) 164 16d 'D 1% 2%| 48604 0
ay 44692, 7
w98 J P 66(8) 18s 18 8 | 0% 48639, 0
) 6e2(8)17d 17d D |14,2%| 48696.5
6 6p P | 0% 45220 4880
14 49800 by 64('8) 19¢ 19 8 | ox% 487262
2% 53050
6*(28) 184 18d D 1%, 2% 48770. 5
60°(8) 100 106 8 | 0% 45396, 8
608109 10p 7 | ou sso50.3 60(18)20s 26 8 | 0% 48796. 2
1% 46043, 6 104 3 64(5) 194 19d D |1% 2% 48828 6
80%(18)0d 41D | 1 46098, 5 644(18)20d 20d 5D 1% 2%| 48878.2
i | s 1.8 S 2
6e*(18)31d 21d D |1%,2%| 48920.6
84 (8) 7/ 7 TR |24,8%| 46185, 3
64(18)224 224 'D 1% 2%| 48957.7
6#(5) 118 s 8 | 0% 46456, 9
6¢('8)23d 2384 D 1% 21| 48088 8
6408 11p 11p P° | 0% 46853, 8 a3
1% 9171 | 83 N e
10d 108 D | 1 9 T ,
6°(8) 2& 46949, 9 81 o"n nese un: lt) " m 2
68(:8)8f 8f F° |24, BK| 470046 » o 2%
(812 126 8 | 0% 47178. 9 6o Bp 6p1 P ?}’2 67150
6s5(18)12 12p *P° | 0% 7448.6
(8)12p ? 1% ot us 6 8p0P)7s 20 76970
60(18)11d 1d D | 1% 47499, 8 3 |1 96740
e 3% | 475041 1.3t # ’
January 19885,
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(80 op P*
o bt { P oD
ne (027 ap (027 nd (n20) nf (n 25)
0 (8)ns 7 t0 20098 710 16p 1P° 8 to 234D o8/ P

sPor predicted terms in the spectra of the T11 iscelectronio sequence, see Vol. u1, Introduction.

(Hg 1 sequence; 80 electrons) Zm=8l
Ground state 1s* 24® 2p* 34* 3p° 3d™ 4s® 4p* 44" 4/* 5¢* 5p* 5d™ 64° '8,
6471S, 164765+ 83 K I. P. 20.42 volts

Ellis and Sawyer have revised the early work on Tl 1 and almost doubled the number of
classified lines by observing the spectrum with a hollow cathode source, from 639.08 A to 9254 A.
The total number of classified lines is 247.

Hyperfine structure affects many of the lines and has been resolved by various investigators,
including Smith, McLennan and Crawford, and others.

The Zeeman and Paschen-Back effects have also been observed for a few selected lines.

Perturbations in the series are discussed by Ellis and Sawyer. They derive the limit quoted
above from the ns *S and nd ’D series, n=7 to 12 and 6 to 11, respectively. A plot of the
quantum defects for each of the series shows that they are unperturbed, according to these

suthors.
Obeerved intersystem combinations connect the singlet and triplet systems of terms.
REFERENCES
Stanley 8mith, Phys. Rev. 85, 235 (1930). (I P) (T) (C L) (hfs)
J. C. MoLennan and A. M. L. A. W. Durnford, Proe. Roy. Soc. London [A] 129, 48 (1980). (Z E)
J. C. McLennan and M. F. Crawford, Proc. Roy. Soc. London [A] 138, 10 (1981). (T) (C L) (bfs)
A. M. Crooker, Phil. Mag. [7] 16, 994 (1933). (Z E)
Mn Tn
Config. Desig. J Level Interval Config. Desig. J Level Interval
8 66 8¢ 18 0 ] 5d» 6s(38)6d 6d D 1 116147 283
2 116430 306
54% 0408)0p op P | 0 | st 2042 3 | 1683
3 61725 9332 5a» 6p* 6p* °P 9 | 1aa0s 7930
2 | 128817 3479
5d® 6e(’8)0p ép P* 1 75660
5% 6¢(18)7p Tp P° 0 |1 215
5d® 84(*8)7s 7 B8 1 106225 2 182080 2453
S 84('D)0p 1° 2 110887 8 8(D)6p e 2 125437
84" Go(®B)8d 6d D 2 115160 54° 62(0D)6p 5 1 186804
L J ® ® o ®
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T —Centinned T1 i—Centinned
Conflg. Desig. J Lavel Interval Config. Desig. J Level Interval
5 S0D)8p o 3 188688 5% 6s(8)8p % P 0
1 148349 e
5 620D)8p o 3 189168 3 148896
5 608)8s (] 1 1335688 54® 6:08)84 8 D 3 148465
5" 6e08)8 8 8 ° 134292 54* 6408)9p o 1P 1 149063
S& 6#0D)0p 8 1 134988 5% 6+(8)10¢ 10s 8 1 151568
34 6:(8) iy 3 196810 5d* 6408)7, Y P 3 1681
od v 3 | 19118 - e 4 2 | 168108 ¢
4 ! Sd» Ge(*8)7/ [/ AR ad 3 168140
84" 0(8)% LA ad s 196963
8d® Gs(8)0¢ 6g!3G 3,48 | 153470
54" 6408)7d 74 'D 3 136891
5% 6208)0d od D 1 152819 28
50" 0e08)7d 74 'D 1| 1w 126 3 | 182847 2
3 138053 150 3 152908
s 138308
54® 64(8)9d 9d D 2 163200
5d™ 6s('8)8p 8 'P* 0
1 | 180008 os9 || See0E)0p | 10pP | O
2 140804 1
54% 8408)8p 8 P* 1 142000 3 1636301
5d% 62(8)10p 10p 'P* 1 1530391
5d» &p 6 D 3 141983
54* 6s08)11s s 8 1 185181
5& 620D)op 10° Y 149781
5d% 64(*8)10d 10d *D 1 165063 19
84* 6°(D)6p 1ne 1 143618 2 155082 3
8 88(D)0p 12° 2 145008 3 156018
5d* 6408)10d 104 'D 2 156177
54% 66('8)%s 9 %8 1 145415
5% 6408)11p 11p 1p* 1 1664751
54% 64(8)92 % 8 ° 145501
52 0088y o ¥ . , 5% 64(8)12s 12¢ %8 1 157481
3 u‘am U 5d% 6s('8)11d 11d D 1
. 2 148523 2 1580271 1
5™ 6s(8)8f 6 ¥ 3 140543 3 ! !
5% 6208)11d 11d D 2 1581367
54" 8+08)5¢ 8¢13G | 3,4,5 | 147085
wueon | um |y |y T P N PP
3| urma 9 Ot | it e *
December 1954.
Tl OssarvEp TRRuMs®
16% 248 2p 34" Observed Terms
408 498 40 411 5 Bph+
8d» 64 018
e ( T
n(n2? np (n26) nd (n26)
710 12s '8 6 to 10p $P° 6 to 114D
5% e (B)ns { 7858 8110 6 to 11d D
nf (n25) ng (n208)
840 0B { e %% 5 091G

*For predioted terms in the spectra of the Hg 1 isoelectronio sequence, see Vol. m, Introduction.
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(Au I sequence; 79 electrons) Z=81
Ground state 15 24° 2p* 34° 3p* 3d™ 44° 4p* 44" 4/ 5¢* 5p° 54" 68 By
62 By 240800 K I. P. 29.8 volts

The terms in the table are from McLennan, McLay, and Crawford (1929), who extended
the work of Carroll. They list 22 classified lines between 1231.57 A and 5927.8 A and one
at 8001 A. The analysis is seriously incomplete. The inverted *D term from 5d* 6s*, whoee
lower component should lie between 6p *P° levels and whose interval is approximately 18000,
is not reported in this paper.

P. Pattabhiramayys and A. S. Rao include this term in the list of 2 doublet and 6 quartet
terms, which they report as an extension to the above analysis. Their work brings the total
of classified lines to 89, but their data are omitted here pending further confirmation. The
discrepancies within the multiplets between the observed and calculated wave numbers indi-
cate that more precise wavelengths are needed to extend the analysis.

Crooker describes the Paschen-Back effect observed for A\5362, 7s*Sy—7p 'Pg. The
two 1930 papers by McLennan and his associates discuss the observed hyperfine structure
and the observed Zeeman effecta of the hyperfine structure components. They include among
their classified lines one designation involving the level 5d° 6s* *Dy;; and another involving the
level 5d° 62 6p *P3. The respective new levels from these two lines are approximate’y 84595
and 155851. More combinations are required to confirm them.

The limit derived from the first three members of the *S series by means of a Hicks for-
mula is 240300. The authors have increased this value by 300 to give an effective total
quantum number for 5g *G that is nearly hydrogenic, i. e., 4.995.

REFERENCES

J. C. McLennan, A. B. McLay, and M. F. Crawford, Proo. Roy. SBoc. London [A} 138, 50 (1929). (I P) (T)
(CL)

J. C. McLennan and E. J. Allin, Proc. Roy. S8oc. London [A) 139, 43 (1930). (hfs)

P, Pattabhiramayya and A. 8. Rao, Indian J. Phys. 8, 407 (1930). (T) (C L)

J. C. McLennan and A. M. I. A. W. Durnford, Proc. Roy. 8oc. London [A] 129, 48 (1980). (Z E) (hfs)

G. Arvidsson, Nature 126, 565 (1930). (hfs)

A. M. Crooker, Phil. Mag (7] 16, 994 (1933). (Z E)

Tim I
Config. Desig. J Level Interval Config. Desig. J Level Interval
15)6s 6018 0 5d(18)5; 5f SF° 3 176698
x-sm 6p?P° :: 84167 o ’ 2;2 ireoo5 | 107
P 1% 78970 | 14813 5d"(18)84 8¢ 18 0% | 183187
5d(18)7s 7s 18 0% 139209 5d%(:8)7d 743D 1% 186356 592
2% 186048
5dw(15)6d 6d*D 1% 145355 1814
2% 146669 5d(18)5g 803G | 3%, 4% | 201011
5(8)7 7p'P° o 157862 | ;ego || e | e e e
97 P 1}}2 163634 5682
T1 1v(i89) Limit | ...._. 240600
November 1954,
° e ° ° 'Y °
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(Pt 1 sequence; 78 electrons) Z=81
Ground state 18 26° 2p° 34* 3p* 3d™ 44° 4p* 4d™ 4/™ 5s* 5p* 54" '§,
8d" 1S, 400100 K I P.50.7 volts

The analysis is from Mack and Fromer, who have revised and extended the earlier work
of Rao and others. About 35 lines have been classified in the interval 531.260 A to 1974.6 A,
and most of the results are based on observations by Arvidsson.

The spectra of the Pt1 isoelectronic sequence are of special theoretical intcrest because
they approach gj-coupling rather than LS- or Ji-coupling. This appears more conspicuously
in the spectra of higher ionisation, especially among the levels from the 5d*(*D)8p configuration.
A detailed study of “The Four Vector Problem and Its Application to Energies and Intensities
in Platinum-like Spectra” has been made by Goble. In LS-coupling this configuration gives
rise to the terms !*(P°D°F°). In jj-coupling the same number of energy levels and the same
resultant J-values occur, but each level is defined by two j-values, one for the d-electron (1%
or 2X), and one for the p-electron (0¥ or 1X).

In the table the writer has assigned LS-designations only in the case of the !*D terms from
tha 5d°(*D)ns configuration, although the jj-coupling applies here, also. The j-values for the
d- nd p-electrons, as required for jj-coupling, are indicated in the configuration column, the
former being the same as the J-values of the limit term *D. A table giving the transformation
from jj- to LS-coupling may be found in the book by Condon and Shortley, p. 294.

The limit has been calculated by the writer from the ionization potential given by Mack
and Fromer, which is obtained from a Moseley diagram for the sequence.

REFERENCES

G. Arvidsson, Nature 198, 585 (1930). (hfs)

A. T. Goble, Phys. Rev. 48, 346 (1935).

J. E. Mack and M. Fromer, Phys. Rev. 48, 357 (1935). (I P) (T) (C L)

E. U. Condon and G. H. Shortley, The Theory of Alomic Spectra p. 204 (Cambridge University Press, London,
1951).
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THv

Config.
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Level

Interval

Config.

Desig.

Interval

50('D306¢
50Dy 60
5d°CDy,)6e
53 Duug)bpus
5d*(*Dyg) 0pus
5d*(*Dyy)0pws
54°CD)6p
Sd*(*Dys) 61y

54w 18
6s 'D

e W N =R O

75052
93676
86727
147635
149841
166425
167498
167678

—35695
—15029

5*(*Dug)6pug
5d'(*Dag) by
5d*(D)6p

8a*(*D139) 6pusg
5d*(D:39)8puss
5d°(*Diyg) 67114
54°(D;y) 8pug

.......

170834
178278
176290
181083
187667
188233
150144

(409100 )
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83 electrons Z=82
Ground state 1s* 2¢® 2p° 34* 3p* 34 4¢® 4p° 4d"° 4™ 5¢* 5p* 54 6¢* 6p* °P,
8p*'P, 59821.01+0.5 K 1. P. 7.415 volts

Gieseler and Grotrian have published the most extensive analysis of Pb1. Although
series have long been recognized, the spectrum has needed more thorough study. Conse-
quently, Meggers has reobserved the Pb1 spectrum from 2000 A to 11360.0 A, and from
1614.73 A to 2000 A utilised spectrograms furnished by Shenstone. With an electrodelees
ultra-high-frequency source he has measured some 355 lines in the interval 6560.77 A to longer
waves. Of these, about 28 percent can be attributed to the known series.

The analysis has been revised and extended by Meggers for inclusion here, and some
levels have been rearranged by the writer with the aid of the new observations in the long-wave
region. There are approximately 240 classified lines to date, and very few observed lines
between 1614 A and 6560 A remain unclassified. All level values have been revised on the
basis of the new observations. The limit quoted by Bacher and Goudsmit has been verified
by R. E. Trees by means of a Ritz formula applied to the nd *D series, n=6 to 20. Trees
points out that this series is the one least likely to be perturbed.

The F-series are based chiefly on the evidence afforded by the Rydberg denominators.
The LS-designations require further confirmation. They are included only to enable the user
to identify the series for each J-value.

A number of tentative new levels that need further confirmation have been omitted from
the table. They may belong to the configurations 6p* or 62 8p*(*P)nz’. Four lines observed
by Randall between 12564 A and 15316 A can be classified from the known terms. More
observations in the infrared beyond the photographic limit, are needed.

Numerous papers deal with the Zeeman effect, hyperfine structure, and intensities of
forbidden lines. Only a few references to these are listed here. The observed g-values in the
table are quoted from Back.

The large interval of the ground term *P° in Pb 11, 14081 K, results in a departure from
LS-coupling in Pb 1. Consequently, an arbitrary arrangement has been adopted in tabulating
the levels. Pairs of related levels are listed together, with LS-designations indicating the series.

REFERENCES

H. Gieseler und W. Grotrian, Zeit. Phys. 34, 374 (1925); 89, 877 (1926). (I P) (T) (C L)

E. Back, Zeit. Phys. 37, 193 (1926); 48, 317 (1927). (Z E)

R. F. Bacher and 8. Goudamit, Atomic Energy Siaies, p. 356 (McGraw-Hill Book Co., Inc., New York, N. Y.
and London, 1932). (T)

8. Mrosowski, Phys. Rev. 88, 1086 (1940). (hfs)

F. A. Jenkins and 8. Mrosowski, Phys. Rev. §9, 808 (1941); 60, 225 (1941). (Z E) (bfs)

H. E. Clearman, J. Opt. Boc. Am. 43, 375 (1952). (C L)

P. F. A. Klinkenberg, Rev. Mod. Phys. 34, No. 2, 63 (19052). (Summary hfs)

K. Murakawa, J. Phys. Soc. Japan 8, 382 (1953); 9, 876 (1954). (I 8) (hfs)

H. E. Walchli, A Table of Nuclear Moment Data, Osk Ridge Nat. Lab. ORNL-1469, Suppl. II 32 (1955).
(Sumnury hfs)

R. E. Trees, unpublished material (May 1955). (I P)

W. F. Meggers, unpublished material (May 1955). (T) (C L)
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™I 1
Coaflg. Desig. |J| Level | Interval | Oba. g Conflg. Desig. |J| Level | Interval {Obs.g

o 0p 6D | 2| 21457.90 Laso | 7 CrerwY & oF |3|s030aze| 1em
ot op 6p8 | 0| 20408 81 0/0 8¢ 6p(Py 9P 9p *D | 1| 85360.15
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6 0p0PROTp | 7p°D | 1| 4467800 | o, o A Kol B
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6 opCPAOd | 64 1FC ) 3| 4040871 sesss | TN amepoPuged | 94 D0 2l sosases| g,

0" 82 CPRO S o *D%| 3 mgg -7.07| 5 341 60 8p(*Py)7f 7 E |3 sem0 11 i
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6¢ 6pCPyo8s 8 'P* | 1 e 0y | —302| T 6 6pCRUILLe | 11s P | O | g8s3s. 44 o83
b0t 6pCFUOE % 10 e o | —ees 37 6 0pCPUYI0p | 10p %P | 1 | 57010.11
0" EpCPRISP D LINNER | mu 60 6p0P1Y TP 7p D | 3 | 57371. 75
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¢t 6p(Pyo5f 5 F | 3| 528504 6t 6p 0P8/ g P | 3| 57552 08 218
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S OpCRRI% | WP 54| wm O OpCPUONe | 136 W2\ Q| Sros 7s| 42
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6 6pCPISd | 84 'F° | 3 800234 | 130,88 60 0p(PuI1Ld | 114 °D° | 3 | 68012 141 7 g

® ° ° ° ° °

¢ o@e &




210
Pb 1—Continved Pb 1—Coatinued
Conflg. Desig. | J| Level | Interval | Oba. g Config. Desig. | J!| Level | Interval |Obs.g
6 8p("Pa 8 97 'F | 3| 580868 23 82 6p(PLI1Ts | 17 P2 | O
9 °F | 4 | 58087. 86 164 0rCFBo 1| 69080. 4
0 6p(0PL 0/ F |2 6 6p(PL)16d | 164 'D° | 2
0P v 3 | 58101. 28 PCFLY 1| 69151, 8
82 6p(PL)13s | 13s P2 | 0 88 6pOPKY17d | 17d D° | 2
1| 58179. 8 1| 692449
81 6p(PLY12d | 12d F° | 2 8a? 6pOPL18d | 184 *D° | 2
Pho 3 | 58408. 441 POF 1 | 69820. 4
68 6p(Py)12d | 124 'D° | 2 8 6p(PL)10d | 194 3D° | 2
b0 1| 58411. 29 PP 1| 69382 1
80 8p(PY10f | 107 'F | 3 | 58451. 437 6s? 6p(1P1,,)6d 6d P° | 1 | 59487.01
w0 10 oF | 4| 58454 63 1.20 ol
6s1 6pOPy)20d | 20d 'D° | 2
80 6p('P3 148 | 148 P° | O 1| 694325
1| 58517. 67
Pb (Pt Limit |.. | 698210
62 6p(P1,)6d 6d *D°| 3 | 58518. 3
88 6p(1P1y)8s 8 P | 2 | 62620. 9
8 6p(PLY13d | 13d *D°| 2 8 1P° | 1
L | oa0s. 4 6s2 6p(PP1Y8 8p D | 3 | 65751 51
1 .
60 6p(PyO11f | 117 'F | 3| 58712 40 d P P
11f 3F | 4 84? 6p(P1)7d 7d 3P° | 1 | 66871.3¢1
60 6p(P3) 152 | 158 P° (l) sareL.0 8s? 6p(PY7d 7d D | 3 | 66085 1
) 6% 6p(1P1,) 9 9s 3P° | 2| 67481.6
60 8p(Py)14d | 14d D°| 2 erCFI) o0 wpo | 1%
1| 58882 4
6s? 6p(1P1,8d 8d 'P° | 1 | 68925, 57
62 6p(Py)16s | 168 *P° | 0
1| 68941.8 68 6p( P 8d 8d D°| 3 | 69749.8
e 6pPuY1sd | 15¢ D12 I | M e N IS
1| 55084 3
Pb 11(3P1y) Limst |...} 73901
May 1955.
Pb1 Opszavep TERMs*
Co ration
122 263 2p% 321 3p8 340 408 Observed Terms
4p 4d® 4118 591 58 5%+
6pt P
6 6p* { ops ” 641D
ns (n27 np (n27)
7 to 172 3P° 7 to 10p 3P 7 to 99D
62 6p(PP°)nz { 7s 1P° 0p P
nd (n26) nf (n25)
6 to 8d IP° 6 to 20d 3D° 6 to 12d ¥F° | 5 to 107 3F1
8¢ 6p(P°)nz { 8 to 107 1FT

*For predicted terms in the speotra of the Pb 1 iscelectronic sequence, see Vol. m1, Introdustion.
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211
Pom
(T11 sequence; 81 eleckrons) Z=82
Ground state 1s* 24 2p° 34 3p" 34 44? 4p* 4d® 4™ 5¢° 5p* 53 64® 6p Py
6p 'Py, 121243 K 1. P. 15.028 volts
The analysis is from Earls and Sawyer, who have revised and extended the earlier work by
Fr. Gieseler and others. ‘“The spectrum was photographed from 800 A to 10000 A.” Fourteen
lines, observed also by Arvidsson in the vacuum region, were utilized in the analysis and in the
determination of the limit. There are approximately 250 classified lines in the interval 840.25 A
t0 9864.2 A.
The limits of the *F° and *QG series have been used to derive the ionization limit, which has
an estimated error of 2 or 3 K. The *S and ?D series show irregularities due to perturbations
caused by “‘intermingling levels from the 6s 6p* configuration.”
Green and Loring have observed the Zeeman effect of Pb r and published 15 g-values
based on the analysis by Fr. Gieseler. Earls and Sawyer have used these Zeeman observations
to derive g-values for 10 “even” levels, by assuming the appropriate unperturbed theoretical
g-values for the respective “odd” levels and applying the formulas of Shenstone and Blair for
unresolved patterns. The writer has derived the observed g-values tabulated for both “even”
and “odd” levels from the same observations and formulss, without assuming theoretical
g-values, but by adopting the revisions in analysis suggested by Earls and Sawyer.
REFERENCES
J. B. Green and R. A, Loring, Phys. Rev. 48, 459 (1933). (% E)
J. L. Rose, Phys. Rev. 47, 122 (1935). (hfs)
L. T. Earls and R. A, S8awyer, Phys. Rev. 47, 115 (1935). (I P) (T) (CL) (ZE)
K. Murakawa, J. Phys. Soc. Japan 8, 382 (1953). (I 8) (hfs)
Pbno PbH
Config. Desig. J Level |Interval| Obe. g Config. Desig. J Level |Interval| Obs.¢
60 po 0 3 114
cEor b 2 ?;2 14081 | 14081 ), 35 oeCR)ef o 2}’2 Totsed| —13|ass
8s P 7 1 0. 76?
Wl wE B el | | g ) e g0
W | 73805 .52 80(8) 59 'G | 3%, 4% | 103559
69 (18)7s 7s 8 0% | 50448 2.01 5 ’
s 62 6p2 38 0% | 104207
on(8)6d 64D | 2% | esses| ... |129
1% 69740 0. 81 8#(18)9p 9p 1P° (1)}}2 }ouu 508
8 (18) 7, P | 0O 74459 0. 60
97 P 1’;2 Hoe| me |08 60(15) 108 10¢ 8 o% | 107930
s D 1 83083 " ee 7 e 3 108529
o » z;’f sgo72 | 5889 il U 2’;2 108538 -9
Gs p 88248 3 1
ép* op* % jogas | 10m 8a(8)69 6y 3G | 3)4, 4% | 108968
8(18)9d od 3D 1% | 109357 79
64 (18)8s 8 8 (171 80180 2% 109336
8 (18)5 W) 3 9851 111
C8)sf & 3% | el - Li 6eEI0p | 10p P | 0K | 108600 | gy
sec8)7d 74D | 1% | ee| 10m|3% eem)1te | 11e 8 | 0% | 111674
sFe | 3 1119.
8 (5)8p Spipt ) 0% | Nl um 8C8)&f i % |iide] o
6(8)% 9s 8 0% | 101346 1.96 88(18)79 7¢ 3G | 3%, 4% | 112330




Couflg. Desig. J Level | Interval| Obs. ¢ Conflg. Desig. J | Wevel |Interval| Oba.g
64(:8)10d 14D | 1 113409 88(5)1 1 P | 3 117680
e 2% | 113467 88 oy ¥ 38 | 11760 3
er(8)11p p P | 0 1ssTa | gy 6P(8)11¢ 11 3G | 3% 4% | 117600
68 (8)14d 144 D 1 117650 16
61(8)12s 12 8 0% | 113012 3 117666
o we | 3 1141 68 (8)1 13 P | 3 118181
oY v 2 ufz =5 o1y v 25’2 118188 -1
6A(18)8y 8 'G | 3% 4% | 114346 60(18)13¢ 13g 1G | 3%, 4% | 118183
6r(8)11d 11d D 1 114468 64(8)154 154 D 1 118233
8 2 114507 41 8 2 118235 12
68(8)1 13p P° 1 60(18)1 My | 3 118588
('8)13p 3 ?;z “% 150 (i8)14f L' 2}52
64 (18)134 13¢ 8 0% | 115498 60(18)13¢ 139 'G | 3%, 4% | 118637
6(18)1 100 % | 3 115858 60 (18)16d 164 D 1 118668
i o 2)’2 115657 —4 5 2}’2 118679 n
6 (18)99 9% G | 3% 4% | 115797 6(18) 14¢ 149 'G | 3%, 4% | 118006
e (18)12d 12d D 1 115885 60(18)17d 17d D 1 119022
) 2;’2 115912 n %) 2§ 119031 9
88(8)13 1BpP* | 0 115967 8 (18)1 15¢ 3G | 3%, 4% | 119286
(8)13p » o | 115007 | 15 ()15 5 %, 4%
662(18)184 184 D 1%
60(18) 144 14s 8 0% | 116615 2% | 119315
60(18)1 17 ¥ | 3 116788 8(18)19d 194 D 1
o1y 4 2% 116730 -2 8 2}’2 119548
602(15)10¢ 100G |3k aimnesad| ) oo
60(8)13d 13d D 1% | 116890 2 Pb mi('Sy) Limit |...._._. 121243
2% | 116920
68(18) 14p 14p 1P° (32 116958
January 1955.
Pbni Ossanvap Txmus*
Co on
168 268 2p% 3% 3pé 3d® Observed Terms
408 408 44 B8 5pt 5® 4
6o (\)6p 6p 'P°
P
6s 6p* { 6p 18 ‘&;-'.p 6p*1D
ns (n27) ap (0 27) nd (n26) nf (n28) ng (n25)
6#(S)nz 7t 148 18 7w14pP* | 61019d'D | 5to 1477F° | 5to 169%G

$For predioted terms in the spectra of the T11 isoelectronic sequence, see Vol. 1, Introduction.
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(Hg * sequence; 80 elsctrons) Z=83
Ground state 15 2¢® 2p* 34° 3p° 3d™ 48° 4p* 44" 4/™ 5s® 5p* 5d™ 0* 'S,
6s’ S, 357683+ 6K I. P. 31.93 volts

The configuration-interaction in the Pb m1 spectrum has been studied in great detail by
Hume, Crawford, McLay, and Crooker. Wave functions of 52 levels have been determined
in terms of the (LS) functions, and the configurstion-perturbation parameters evaluated by
fitting the calculated to the observed level values. Hume and Crawford give moset of the
details in their 1951 paper. The data in the table are, however, from an unpublished manu-
script furnished by Crawford for inclusion here. The observed g-values sre from Green and
Loring.

The earlier papers by Stanley Smith, Crooker, and Rao and Narayan contain over 100
classified lines in the interval 9095.75 A to 5857.96 A. Abcut 400 lines are reported as classified,
however.

The limit has been calculated from the 6s nA sequence. The suthors comment that the
fine structure of the H-terma has not been resolved, but lines of G-H°® multiplets are diffuse,
indicating small intervals for the H-terms.

Both hyperfine structure and isotope shift affect the values of the observed energy levels.
When an isotope shift is given for a level in the 1951 paper, the adopted value is the mean
of the value for Pb®* and Pb*s.

In the table the levels are listed in order of increasing values. No attempt has been
made to group them into their respective terms, because in many cases more than one designa-
tion is involved for a given lovel. On account of perturbations, LS-coupling notation does
not apply throughout. For a number of levels the dominant contributor as given by Hume
and Crawford is entered in the ‘“Desig.” column. The writer has made tentative designation
assignments for 8p’’ *F3, 5f ' *F3, 6p’’ °D5, 5,6,7,8¢ ' %G, 6,7,8,94 ' 'H°, and 72’ '*P°. Theauthors
give configurations for these levels, but have not calculated the wave functions.

REFERENCES

Stanley Smith, Proc. Nat. Acad. 8ci. 14, 878 (1928). (C L)
Stanley 8mith, Phys. Rev. 38, 1 (1030). (T) (C L)

A. 8. Rao and A. L. Narayan, Zeit. Phys. 59, 687 (1930). (T) (C L)
J. B. Green and R. A. Loring, Phys. Rev. 43, 450 (1838). (2 E) (C L)
A. M. Crooker, Canadian J. Ressarch A 14, 115 (1036). (I P) (T) (C L) (hfs) (I 8)
J. N. P. Hume and M. F. Crawford, Phys. Rev. 84, 486 (1951) and unpublished material (1951). (I P) (T)
(hfs) (I B)
H. E. Walchli, A Tabls of Nuclsar Momens Data, Oak Ridge Nat. Lab., ORNL-1469, 62 (1953).
(S8ummary hfs)
Phbm Pbm
Config. Deaig. J Level Obe. ¢ [| Authors Config. Desig. J Level Obe. g
5d» ¢ 6 8 {0 0 3 5d™ 8s(*8)7s 7¢ 8 | 1| 1500837 L98
5d® 8s(8)6p ép P* 0| cos97 4 5d% 8+(8)63 6d D |2 1518848 108
5d% 6¢(*8)0p 6p P 1| 64301 5y 5d* 8e(*8)7s 7s 0| 153783. 4
5d® 8:(8)8p 6p P° 12| 780840 54 5d° 82(*D)6p 6p’ P° | 2] 1544840
5d* Ge(*8)0p 6p P°| 1| 95%40.1 6 54» op* 6p P |1]|15543L5 i
8d» op* 6p* P [ 0| 143851 % 5d" 64(38)6d 6d D |1]157444.1 0 80
®  J o ® ® ® ® [ ) o
e —————— VRS PRIy SO PR PO R




3214
Ph m—Centinned Pb m—Ceatinned
AnthaA Counflg. Desig. J Level Oba. ¢ || Authors Config. Deaig. J Level Ote. ¢
8 Bd® 040884 6d D |2|1570280 |1.15 20, 5d® 6:0'8)5¢ B9 G [3)|2170353 |Q8
% 5% 8+('8)0d 6d 'D |3|158086.8 | L33 31, 5d» 6s(8)59 59 G |5]2176%.1
10, 5d» op* 6p* P |3)164817.9 | 140 22, 5d% 6s(8)59 B9 G |4|3217660.6 | 106
n 5d 6:(8)7p 7 P | 0| 170917 8 23, 5d* 84(28)9 9 8 |1|219344
8 5d® 6:08)7p 7 P° | 1| 171081.4 | 138 24, 50 64('8)9a % 18 |0]219910
] 5d° 6#('D)6p 6p’’ F° | 4 | 173389 25, 5d% 6s(8)8d 8 D | 1] 221208
104 54 6*(D)6p 6p’" 'F° | 2| 173986.3 | 0.97 26, 5d" 64(38)8d 8d D | 2| 221307
13 1] 5d° 62(°D)6p 6p P | 11748009 | 114 27, 5d'* 8:(8)8d 8d D |3 221600
121 5d 64('8)7p Tp 'P° | 2| 1760289 | 134 28, 5d" 6(S)8d 8d D |2 ]| 221938
13¢ 5d® 6:(8)7p Tp P |1 (1771814 | 115 a3t 54" 6p(Ph)Ts | T’ P° | 1 | 284740 0
14 5d* 622(0D)6p 6p” D° | 2| 177506.5 | 1.08 34 549 6pCPL)Ts | T¢' P° | O | 226618
11, 5d% 6p* 6p D | 2| 178432 359 5d® 6p(*Py)6d 1| 227584
15 Sd* 6s2(3D)6p 6p’* 1F° | 3 | 178957.0 364 5d¥ 6p(3P)6d 2 | 227807
161 5d° 620D)6p 6p”’ 'P° | 1| 184288.1 | 0.96 N 5d 6p(3Py,)6d 3 | 225039
12, 5d% 6p? 6p* 18 | 0| 188618 29, 5d" 6+(18)6g 6g G |4 | 220845
m 5d% 64(25) 5/ 5f F° |3 |189785.2 |[1.00 30, 5d" 64(15)6g 8g G |3 | 220846
184 5d™ 8s(38) 51 5f F° | 2| 1902878 [o0.67 31, 5d" 64(1S)6g 6g G |5 | 220870.5
191 5d" 6s(S) 5/ 5/ OF° | 41904290 | 125 32, 541 6s('8)6g 6g G |4 | 229870
204 5d% 65(1S) 51 5f WF° (31909012 {100 38° 5d* 6s(28)6h 6k tsH® 230085
21 5d* 62 (*D)8p 6p’* WP° | 0 | 192880 33, 54 6s(S)10s | 106 'S | 1 | 230054
22 5d* 6(*D)6p 6p" 'D° | 3| 196846.7 | 108 34, 549 6s(S)10s | 103 18 | O | 231244
231 5d* 62*(’D)6p 6p D° | 1| 197815.6 35, 5d® 64(2S)9d od D |1 { 232019
13, 5d™ 6s(*S)8s 8 S |1]1978028 |200 36, 5d* 62(2S)9d od D | 2| 232007
243 5d* 685('D)6p 8p'’ 'D° | 2 | 199343. 9 37, 54" 64(15)9d 9d D |3 | 232274
14 5d" 64(8)8s 8 18 |0]| 199400 6 38, 5d'* 65(:S)9d od D | 2| 232442
15 5d" 8s(38)7d 7d D | 12013987 | 050 393 5d® 6p(3Ps)6d 2 | 233820
18, 5d" 64(8)7d 7d ‘D | 2|201597.3 | 116 39, 5d 6s(8)7g 79 G | 4| 237212
17, 8d 64('8)7d 7d D |3 |202046.8 | 133 40, 54" 6s(18)7g 79 G |3 ]| 237219
18, 5d% 84(8)7d 7d D | 22033016 |[098 42, 5d 6s(38) Ty 79 G |4 | 237239
254 5d¥ 64(5)8p 8p P° | 0| 206509 41, 5d 6s(:5)7¢ 79 G | 5| 237240
261 53" 84(18)8p 8p P° | 1| 206979 40° 5dw 8s(38)7A 78 13H? 237389
2y | 5%e:CB)8p | Sp P° | 2| 08928 B | SV6CS)8 | 8 MG 242005
28t 5d% 6s05)8p 8p 1P° | 1| 209318 Mou | 540 8e08)8 8 12G 24208
41° 5d' 62(18)8A 8 13H° 242130
293 5d» 6s(*8)6f 8f SF° | 2| 214434
421 5d 6p(Ph)7s | 7s' P° | 1| 242381
303 5d% 8¢(S)6f 6f F° | 3| 214477 - 549 8a08)0h oh LIHC 245378
3 8d» 6s(8)8/ 6f F° | 4| 214488 4 5% 6pCPLYTe | Ta' tP° | 2 | 246144
2 54" 8s('8)6f 8f W | 31214848 | | e IO
19, Bd® 6:(8)5¢ 50 G |4]217633.4 | 101 Pb 1v(*Se) Limit | __| 257592 +5
November 1954.
® ® ® ® ° ®
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Pb m Obssrved Terme*

r,

1@ l}zlﬂ Observed Terms
40" dpP 4% 4/ b B0+

8™ & 6t 18

) 4
3 o' { w8 T e

ns (n26) np (n20) nd (n26)

84" 6:("8)na

~
1 %1
13
&d
ao
13
¥
¥

8

£

-~}

¢ P°
5% (P )ns’ { 7¢ P*

’ / gpo rape 1 3o
5 0#CD)n’ { o A

o (n25) ng (n25) nh (0 20)

S5d* Ge spe 5t G 6 to OA 'H®
e 5y suosy iG § %o o0 E°

*For predicted terms of the Hg 1 isoelectronie sequence, see Vol. m, Introduction.

Pbiv

(Au 1 sequence; 79 electrons) Z=82
Ground state 1s* 2s* 2p°* 35® 3p" 34 4s* 4p* 44" 4™ 5¢* 5p° 5d™ 64 28
68 %Sy 341350 K 1. P. 42.31 volts

Further study of the spectrum is needed. The early work on this spectrum was extended
by Schoepfle in 1935 to include 98 classified lines between 459.04 A and 4496.21 A. Later,
Crawford, McLay, and Crooker revisc1 and extended the analysis and published 134 classified
lines in the interval 432.880 A to 8749.7 A. The data in the table are from this later paper,
and the numbers used by these authors to designate miscellaneous levels are retained in column
one. The wavelengths of Arvidsson have been used in both papers for the region 432 A to
1438 A. The terms 6, 7, 88 7S, 6p *P°, and 6,7d *D, and 6 miscellaneous levels are common to
both papers, bui Schoepfle lists 19 levels not retained by Crawford and his associates.

By applying & Hicks formula to the ns *3 series (ns=6 to 8), Schoepfle derives the limit
340885, which gives an ionization potential of 42.25 volts. The limit quoted above ‘“‘was
obtained by assuming the sequence nk H° to be hydrogenic”.

This spectrum exhibits evidence of jj-coupling in the levels from the 5d° 6s(**D)6p con-
ﬁgnntion. The notation for this coupling is discussed in the text for Aui. The authors
sssign the levels 1° through 4° to the configuration 5d3 6eu 6pse. By comparison with
isoelectronic spectrs, Trees and the writer have made the additionsal jj-coupling configuration
sssignments given in the table for this group; they are extremely tentative. Schoepfle suggests
that the levels labeled in the table 16° and 22°, may be 7p *P°, and that 24° may be 5/ *F°.
The observed g-values are consistent with this 7p *P° usignment, but the overlapping of
configurations makes a definitive choice difficult.

c oo @
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aae
P 'v—Continned
RE¥.. ENCES
J. B. Green and R. A. Loring, Phys. Rev. 43, 4.7 .i338). (% E)
Q. K. S8choesple, Phys. Rev. 47, 232 (1985). (I P) () (C L)
M. ¥. Crawford, A. B. Mclay, and A. M. Crooker, Proe. Roy. 80c. London {A] 158, No. 894, 455 (1937). (1 P)
(1) (C L) (I 8) (uts)
A. L. S8chawiow, J. N. P. Hume, and M. ¥. Crawford, Phys. Rev. 76, 1877 (L) (1949). (hfs)
Phbiv Pbi1v
hs| Confg | Desig. | J | Levd |Interval [Ob% [l Av | Contg | Deaig. [
54%(8)64 6 | 0% 0 17° | 5d% Goug Bprsg 0%
5w e | oy | 7e188 18° | 5d3 6 2
(8)8p op 14 97819 21061 o M: Bouss Spug l:
1 | sees 6D | 2% [101252 |_p 416 Oows 0P
3 14 122568 20° 3%
1° | Bl Gaug OPug 2% 168369 21° | 5dl Gows 6p1s 2%
2 " 3% |17s667 22° "oy 1%
3 " 2% 173848 23° " 2%
o " 1% |175388 24° " 3%
54#(8)6d 6dD | 1% [184558 8 0.78] 25° 0
8 25’2 186816 8] 225801, 37 i 2:
5d%(8)7s 768 | 0% [185103.0 Loz %
5 6 1% |188759
S0 Oom Opue # 5d9(15)8s 8098 | 0K (2496345
T ! 2% [1os77e 54%(i8)7d 743D | 1% [250401 6
8° " 3% |19s855 2% [251419)5] 1017.9)
9° Z 1% |19396 5dw('8 ¢ | 4% |270496
% 4 (18)5¢ 89 332 Ll oo —2
10° z 0% 194147
5dn(18)6A A H® | 434, 5% (892643
11° " 2%  |197084
12 | 50 Soug 6oy 1% lsocoss SAR(8)7A 7h YH° | 4%, 5% |s06518
™ 5d%('8)8A 8 SH° | 43, 5% [313939
13° " 0% |#01460
4° 6 3 s | | [ttt
5 Goms Sp # + Pbv(8) | Limit |.._.... 341350
15° | 5d%; Gog 6pose 1% 1.1
16° | Bd% Gows Opug? 0% |s09788. 4 068
SBeptember 1954,
o @ ® [ J ® L} ®
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(Pt 1 sequence; 78 electrons) Zw=83
Ground stats 14 2¢® 2p° 3¢° 8p* 3d™ 4¢® 4p* 4d" 4f* B¢® 8p® 54% '8,
8da% 'S, 555000 K 1. P. 63.8 volts

The anslysis is from Schoepfle, who has extended the early work of Mack and the subse-
quent investigation by Mack and Fromer. The levels have been based on the observations
by Arvideson, who separated the lines belonging to the spectra of different stages of ionization.
About 200 lines have been classified in the interval 284.320 A to 1401.56 A.

‘The spectra of the Pt1 isoelectronic sequence are of special theoretical interest because
they approach jj~coupling rather than LS- or Jl-coupling. This appears more conspicuously
in the spectra of higher ionization, especially among the levels from the 5d*(*D)6p configuration.
A detailed study of ““The Four Vector Problem and Its Application to Energies and Intensities
in Platinum-like Spectra” has been made by Goble. In LS-coupling this configuration gives
rise to the terms *4(P°D°F°). In jj-coupling the same number of energy levels and the same
resultant J-values occur, but sach level is defined by two j-values, one for the d-electron (1X
or 2¥), and one for the p-electron, (0X% or 1X).

In the table the writer has assigned LS-designations only in the case of the !?D terms
from the 5d°(D)ns configuration, although tk> gj-coupling applies here, also. “Odd” levels
are in italics throughout. The j-values for the d- and p-electrons as required for jj-coupling,
are indicated in the configuration column, the former being the same as the J-values of the
limit term ?D. A table giving the transformation from j- to LS-coupling may be found in
the book by Condon and Shortley, p. 204.

Schoepfle uses as the ionization limit the value 562600 derived from a Ritz formula, from
which he apparently derived the absolute value of the level 5d°(*Dy)6p1y, J=3. The cor-
responding ionizsation potential is 69.7 volts. Mack and Fromer quote an ionization potential
derived from a Moseloey disgram for the sequence. This estimate is based on & two-member
series, 58*(*"Dyne(n=86,7), J=3, represented by a Rydberg formula to which the same Rits
correction is applied as for the spectrum of the same stage of ionization in the Au1 sequence.
Their limit is quoted here.

REFERENCES
. Arvidsson, Ann. der Phys. (5] 18, 787 (1933).
. T. Goble, Phys. Rev. 48, 346 (1988).
.%Mukmdu.hom,l’hn.nev.ﬂ.u7(lm). 1P (T (CL)
u.

QPO

Schoepfle, Phys. Rev. §9, 538 (1986). (I P) (T) (C L)

Condon and G. H. Shortley, The Theory of Atomic Specira, p. 294 (Cambridge University Press, London,
1981).
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Pby Pbyv
Config. Desig. J Lovel Interval Coaflg. ’ Desig. J Level Interval
L% ] Sdw 8 0 0 3 320888
8 6 D 3 110768 4 327438
SOCDp0 2 14708 | 3027
3 (*Dy)8e 1 132711 3 338234
S'(CDyo)te 6 D 2 135007 3 320572
] 141988 3 320035
Sd*CDyg)Opug 2 194808 2 831487
Sd*(Dy) Opug 3 197181 2 331749
3 199048 2 832358
3 210514 2 332501
] 811487 1 335013
3 219878 5 7 7s D 3
('D',‘) (] (] 3 338440 —794
] 813181 339234
] 341505
3 215804 250008
5P(Dy;)6pws 2 217069 2
3 858771
3 218043
8d*CDyyo)0pug 1 219488 2 00088
50Dy 7s 7s D 1 360496
SPCD 0P 4 281089
5PCD 4 tpue . 283009 5d'(Dyg7s 7: D 2 361073
50D 0090 s s26511 5#0D)Tp? 2 397410
84°CD)7p? 3 487096
3 227746
SPODapus . 297835 5&8(D)7p? 3 487360
2 450173
2 138040 58'(CDyg)8e 8 D 3 452624
2 233830 o 2 452067 —343
5d(Dyyo)6pug 0 237660 3 473642
1 239418 S(Dyg)8s 8 D 1 476582
8d°CDy;9)6pus 3 244681 52*(Dys)8s 8 'D 2 470894
8Dy 0P 1 245977 50 Dy% 9s D g 546508
5% 2 7695
CDug)bp1¢ 24 500D)8p? 2 885440
2 255588
Pb vi(Dyy) Limit |..___.. 555000
! 4 5(D)8p? 3 571267
3 283483
54°(D)8p? 3 576919
3 w7113 5(D)8p? 3 577596
2 200708 5(D)8p? 2 804560
3 317397
2 326216
August 1954.
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BISMUTH

83 electrons Z=83
Ground state 1s* 25* 2p® 3s* 3p* 3d™ 4s° 49" 44" 4/ 5¢* 5p* 5% 6s* 69 Py

6p® 'S% 58790 K 1. P. 7.287 volts

Although the Bi 1 spectrum has been studied by a number of investigators, yet no com-
plete homogeneous set of observations exists. The spectrum needs to be reobserved and
accurately measured over the entire photographic range.

Series were recognized by Thorsen in 1926. They were extended by Clearman in 1952
from observations in the short-wave region; his revised values of the limits are quoted here.
Mrozowski has studied the hyperfine structure in detail and also extended the analysis.

The present list of energy levels is based mostly upon the terms given by Mrozowski and
Clearman with revisions by the writer. She has prepared a line list from unpublished measure-
ments by Meggers and Murphy, by Humphreys and Paul (infrared), and from Clearman’s
paper. She has recalculated the level values from these wavelengths and made additional
tentative sssignments of configurations for many miscellaneous levels. A number of published
levels are omitted hers, pending further confirmation. Some new levels have been added on
evidence furnished by the series assignments. In genersl, however, further confirmation of
many J-values, configurations, and levels is needed.

There are approximately 180 classified lines between 1362.84 A and 22551.6 A.

Most of the levels are listed in increasing numerical order in the table, because of the
deperture from LS-coupling. Some LS-designations are, however, indicated on the evidence
afforded by the observed g-values.

REFERENCES

. A. van der Harst, Proc. K. Akad. Vetensch. Amsterdam 33, Part 1, 311 (1920). (Z E)
. Thorsen, Zeit. Phys. 40, 642 (1928). (T) (C L)
. Zeeman, E. Back, und 8. Goudsmit, Zeit. Phys. 88, 1 (1930). (Z E) (kfs)

Wk

8. Mrosowski, Phys. Rev. 63, 526 (1943); 00, 169 (1946). (T) (C L) (hfe)

H. E. Clearman, J. Opt. 8ce. Am. 43, 376 (1952). (1 P) (T) (C L)

W. F. Meggers and R. J. Murphy, unpublished material (1053). (C L)

H. E. Walchli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL-1469, 63 (1953), (Summary hfs)
C. J. Humphreys and E. Paul, Jr., U. 8. Naval Ord. Lab., NAVORD Report 4589, 25 (1956). (C L)
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Bix Bl
Config. Deig | 7 Level | Interval | Obe. ¢ Config. Desig. | J Level | Interval {Obs. ¢
o 8 | 1% 0.00 [ ALY 8 P | 0K | 61133?
i ek e e R A R
» il I sstes 2 [11503.8 | 0 67 6p'(Py6d 1% | 6a74s
0*CPY7e 76 P | 0% | 3358817 2088 || 6pCP)Sp 0%? | ¢2870. 91
0PI 0%?| 41185 18 6p*('P))8p 1%?] 63%00. 6
S CP) Ty 1% | 499400 6p*(*P)8p 0%?| 63733 81
6pOPY6d 6d D | 1% | 43012 67 0.79 6p°CPy)8s & P | 32y | e3sss
0p*(Py) 04 6d D | 3% | w816 86 1,20 6p'CP,)8s 8 P! | 1% | 64023
6p*CP) s 7o P | 1% | 44865 08 1.676 || ep0P)7d? 2% | 64122
6p°(°P)%e 7a 'P? | 0% | 45015 57 1.30 6p*(P)7d 0% | 64238
6p*(°Py)8s 8 P | 04 | 4T3 23 6p'(*P))7d 1% | 84375
0p*CPYTe Te P | 3% | 48480.88 141 6p*CP)7d 2% | 64575?
6p*CPYTs Ts P? | 1% | 49456.6 0.98 65°(P,)9s 9 P | 1% | 65483
6p'CPYSy 0%?| 49997, 481 65'C'P,)%s 9 P? | 0% | 65612
0p*CPY7d 74D | 1% [ s1019. 11 6p'(P,)8p 0%? | se524 91
6p*CPY7d 74D | 2% | 51158 65 6p*CP)9p 0%?| sev9s. 17
6p'0PY % 9 P | ox% | 52255.38 62'('D,)7s 1%?] 67117
8p*(PYOp 0% | 53471, ? 63*(°P))8d 0% | 673161
6p*(°Py8d 84D | 2% | 53878. 6 6p°(P,)8d? 1%?] 67328
6p'CP)7p 0% | 53898 74 6p*CP)10s? | 10¢ P? | 1% | 67832
6p*(CPYSd 84D | 1k | 53976.84 6p*(Py7d 0%?| 680497
6p*CP10s | 108 P | o0y | 548507 6p*(\Dy)7s 3%?| 68086
6p*0P)7p 1% | 84570, 53 6p°CP,) 10p 0%?| 63385 5¢
6p3(P)8d 94D | 1% | 354243 6p*CP,)0d 0% | 68764
6p°0P)9d 94D | 3% | 554780 6p*CPp)0s 9% P | 2% | eseer?
6p'CPO11s | 11 P | 0% | 55822 2 6p'CP,)0s 9 P | 1% | 691207
6p*CP)7p 1%?| 56088, 2 6p*(Py)8d 03?| 709317
6p*CP)7p 0% | s6275. 4 6p*CP)10s | 10s P | 1% | 714907
6p'CP)10d | 104D | 1% [s6320 | | |
6p*(P,)6d 1% | 56570. 50 BinQP)) Limit |.__._. 72112
6p'CPO12s | 126 P | 0% |sesear | ot M.
65°(P,)6d 2% | s7076 6p°CPy)0d 0%?| 724637
6p*(P,)6d 0% | 57607. 0 65*(Py)10d ox%?| 733767
6p'(P,)6d 1% 157767.8 | | e
6p'(°P,)0d 2% | 58273. 64 Bi u(’P,) Limit ... 75815
6p*0P)6d 3% 158377.6 | | oo
Bi uQPy) Limit |__.... 58790 Bi u('Dy) Limit 92720
65°CP))8s 8 P | 1% | o817
October 1956.
° L ® ® ® o ®
i, MR

c ofes @




R i

321
Bin ’
(Pb 1 sequence; 82 electrons) Z=83 , ’
Ground state 18 28* 23p* 38 3p* 3d" 44 4p* 44" 4™ 5¢* 5p* 54 642 6p* °P, -
67" 'P, 134600 K 1. P. 16.68 volts @
The energy loevels and limit are from Crawford and McLay, the authors who assigned
the arbitrary numbers listed in the first column of the table. In 1847, Murakawa and Suwa
revised and extended the jj-coupling assignments of these authors and also suggested LS-
designations for nearly all of the levels. Their results are quoted in the second and third
columns of the table.
The level at 112645 K is from this paper, and the levels labeled 25, and 21, are found only
in the earlier one. The level at 117004 K is listed as both “even’ (6pus6/us'Fs) (1947) and
“odd” (6pw5g) (1934). On the basis of the combinations in the 1934 paper, the latter con-
figuration has been adopted in the table. This level has been ‘‘sssumed hydrogenic” for the
calculstion of the limit.
There are approximately 190 lines in the interval 937.95 A to 8863 A, including some
“forbidden” transitions. The hyperfine structure exhibited by a number of the lines is dis-
cuseed in detail by Fisher and Goudsmit and others. The over-all separation is wide for a
number of the energy levels.
REFERENCES
R. A. Fisher and 8. Goudsmit, Phys. Rev. 37, 1057 (1931). (hfs)
M. F. wiord and A. B. McLay, Proc. Roy. S8oc. [A] 143, 540 (1934). (I P) (T) (C L) (hfs)
K. Murakawa and 8. Suwa, Reports Inst. 8ci. Tech. Tokyo Univ. 1, 121 (1947). (I P) (T) (hfs)
J. E. M Rev. Mod. Phys. 73, 64 (1950). (Summary hfs)
C. D. Cole and 8. Mrozowski, Bull. Am. Phys. Boc. 38, 29 (1953). (C L) @
Bin . Bin
Authors Config. Desig. J Level Invt:.b Authors Config. Desig. J Level Ine:-
v
Ie OPws Pus 6! P 0 0 | a3 10 6pus 7 1pe 1 89888
1 13324
] Mo 140 2 | 17030 | 3708 gy o e | 1| o0
4 8P 8P 8p D 2 33936 12 6 Gp ipe 2 94928
S 8135 Op1yg 6p3 18 0 44173 13 6s 6p* pe 3 96057
1 8pu 78 pe 0 69138 143 6P 6d pe 2 99011
21 Spu 72 wpe 1 69698 151 6puy 6d spe 1| 100492
4 8¢ 6p? 6p* 18° 2 76147 161 Spws Bs pe 1 | fo1341
53 8Py 6dyyg e 2 79089 17, 6pug 6d ape 0 | 101464
8 Opusg Bdy34 ip* 1 80675 183 6pyys 6d 1D° 2 | 108830
73 Gpug Gdng Fe° 2 82047 193 85 8d sp° 3 108008
8 6pws Oz ”Fo 3 82256 10 CPws 574 SF 2 | 105083
(3 6Pus TPus D 1 84281 11, 6P1ss TPus p 2 | 105260
A BPws TP p 0 87078 12, Opws 5 G 3 | 105287
8 6P TP1s P 1 88366 13 8Pws 5/ F 3 | 105449
0 g 7o e | 2 | ssrey 208 Opes 7d we | 3 | 10660
9, SpusTPs . WM | 2 88789 14, 8Pwss 5fuss sF 4 { 105726
' .
e * - ° ° ° o o
sl imiiieinsiiy - st bk —
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Bi 1—~Ceatinned Bi 1—Continued
Authors | Config. Desig. | J | Leve |T%% | Authors |  Contg. Desig. | J | Leve
15, SPus BPug D 1 | 106447 19, P16 TPuss 1D 2 | 100904
3 6pug 7d ipe 1 | 100811 8puss TPixe 18 0 [ 112645
21, Opus Spug P o | 107976 23, Spus 6f G 3 | 115033
n Opuq Tdng D o 3 | 108007 2, 6P 6 F 4 | 115090
-] 6y 0d 1pe 1 | 108188 25, P 6f ¥ 3 | 116089
16, 8pus TP D 3 | 108278 26, 6poss 64 F 3 | ne212
17 6P 8pug P 1 | 108404 25° 6pws Spa 3 | 117004
23, Opu Bpi D 2 | 18888 | e e
18, 8pus TPus ) 1 | 100104 Bi m(Py) Limit |._.... 134600
A3 6pus 7d Fe 3 | 109157
January 1955.
Bim

(T1 1 sequence; 81 electrons) Z=83

Ground state 1s* 28° 2p® 38* 3p* 34" 44 4p* 44" 41 56° 5p* 5d° 642 6p Py,

6p *P%) 206180 K I. P. 25.58 volts

The analysis is from Crawford and McLay, who have revised and extended their earlier
work and that of Lang. There are 106 classified lines between 590.73 A and 8934 A.
Arvidsson’s measurements have been used in the short-wave region, 590 A to 1486 A, to
supplement those of the authors.

The limit is based on the assumption that the term 74 ?H° is hydrogenic.

By analogy with Pb 11, the writer has tentatively assigned LS-designations to the terms
of the 6s 6p* configuration. The authors adopt the following numerical labels and #-coupling
nomenclature for these levels:

Deasig. Config. Desig. Config.
4y 68 6py¢ 6pyg 61y 68 6py Bpyyg
1y 62 6py; Bpiyg 3ax 6s Bpy¢ 61y
24 62 6py Bpuyg Tus 68 6p1ss 6p1sg
% 68 8y Gpyg 8y | 63 6pyy5 By

Fisher and Goudsmit report wide hyperfine structure intervals for these levels.

REFERENCES

A. Fisher and 8. Goudsmit, Phys. Rev. 37, 1057 (1931). (hfs)
Arvidsson, Ann. der Phys. 13, 802 (1932).

F. Crawford and A. B. McLay, Proc. Roy. Soc. [A] 143, 540 (1934). (I P) (T) (C L) (hfs)
M. Keily, R. Richmond, and M. F. Crawford, Phys. Rev. 89, 205 (L) (1950). (hfs)
E.

R.
qG.
M.
F.
H. E. Walchli, A Toble of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL~1469, 63 (1953). (Summary his)
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Hm Blm
Authors Config. Dasig. J Lovel | Interval | Authore Config. Desig. J Level |Interval
'8 pe 0 6e3(18)8 8p 'P* 0 154188
8a('8)6p o % orey | 20788 ('8)8p P l% 15419 2223
6s 6p* P 0 70354 Be3(18) 6f F° 3% 1681860 -
v e " U5 | asens| 1784 v Y 3 | 10sa4s | 50
s 3 89236
60(18) 59 8¢ G 4% 166234 -3
6P (\8)7s 7s 38 0% 95075 3K 168237
8)6d 6d D 1 96154 6a3(18)0s 9s 8 1} 167289
08 35 | 10ue | 0392 9 y %
683(18)8d D 1% 169292 365
By 6s 6p* 6p:P | 0% | 108053 | 2994 2% | 169657
Tus 1% | 130966
822(18)6g 8¢ G 4% | 178467 -3
Bug 6s 6p* 6p'D | 1% | 108588 | g0q 3% | 178470
3u¢ 2% | 116414
6a(15)7 7p P° | 0% | 116998 SeCS)6h Sh THE | 44, 54 176710
? P 1% | 12m198 | 5138 es08)7g | 791G | 4% [185850 | _g4
8s 6p* 6p* 18 034 | 1300867 %11
B ’ 6a2(18)7h 7h SH® |43, 5% 186084
862(18)5f 5 9F° | 3% | 137486 | 00
2% | 187566 681(18)8¢ 8¢ G 4% | 190642 —_a
3% 190644
6e2(18)8s 8s 18 03¢ 145227
80 (18)7d 7d 1D 1 149086 | Lo | T TTTTTTTYTTTTTTTTTY TR TN
“ B |1ie7e| 710 Birv(Sy | Limit |...._.. 206150
January 1955.
Bi 1v _
(Hg 1 sequence; 80 electrons) Z=83
Ground state 14® 2s* 2p° 35® 3p* 3d"® 4s® 4p* 4d" 4f 5s* 5p° 5d™° 66* 'S,
6s* 'S, 365500 K 1. P, 45.3 volts
The analysis is incomplete, and is complicated because the spectrum exhibits both hyperfine
structure and configuration-interaction. The early work by Arvidsson and by Stanley Smith
has been extended by McLay and Crawford to include 139 classified lines in the range from
4207 A to 5347 A. The energy levels in the table are quoted from the paper by these last
two authors.
By analogy with Pb 111 the writer has added tentative LS-designations except for the terms
13P°POF° having the configuration 5d° 6s*(*)D)6p, where the jj-coupling notation as given by
the authors, is tabulated. For further use of this notation the 1933 reference should be con-
sulted.
The limit has been “obtained by applying a Rydberg formula to 6s 6d 8, and 65 7d 17,
REFERENCES
8. Smith, Nature 137, 856 (1931). (T) (C L)
. Arvidseson, Ann. der Phys. (5] 18, 787 (1932). (T) (C L) (hfs)
A. B. McLay and M. F. Cranford, Phys. Rev. &4, 986 (1933). (I P) (T) (C L) (hfs)
F. M. Kelly, R. Richmond, and M. F. Crawford, Phys. Rev. 80, 295 (L) (1950). (hfaa
|
i
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B Biv
Avuthors Coonflg. Denig. J Level Authors Config. Desig. J Level
ls 5d™ 68 G '8 0 1] 123 Sdiy 62* Bpuyg 4 286617
n 84» 8:('8)6p 6p *P° 0 70968 131 Sd% 64 6pey 1 223187
F i 4d™ 6:(8)6p 6p P° 1 769268 143 5dys 66® Oy 2 230087
3 5d% G ("8)8p 8p P° ] 96483 151 5d" 62008)7p p P 1 281918
41 8d"® 8s(*8)0p ép 'P° 1 114608 163 5dv 64(8)7p 7p WP° 2 238087
% 549 op* 8p* P 0 168552 173 5d® 6s* 6py? 3 233888
kY 8d%» 6s(*8)6d 6d ‘D 2 184160 18§ Bd% 8:(°B)5f 8 p°? 3 2339565
4 5d» 6p* 6p* P 1 185014 19¢ 5dv 6:(18) 5/ 8f SF° 2 235178
5 53" 62(18)6d 6d D 1 197161 201 5d% 62(8)5f 57 WF° 4 235657
6 5d% 6+(8)7s 7 8 1 197446 213 5d'* 64(8)5/ 5f 1F°? 3 230518
s 5d% 6s(*S)6d 6d D 2 197829 22t 5d%g 64® 6P 1 237701
8; 5d 6s(*8)6d 6d D 3 1909769 13, 5d* 6:(*8)8s 8 8 1 260674
Oy 5d% 6s(38)7s 7s 18 0 201581 14, 5d" 64(*8)7d 7d D i 2067576
10, 5dv 6pt 6p* 'P 2 202434 15, 5d% 6+(*8)7d 7d D 2 2678568
11, 5d% 6p* 8p* 'D 2 217823 16, 5d 64(28)8s 8 18 0 268191
7 5dlg Ge? Bpyg 2 284298 17, 5a1* 8:(08)7d 7d *D 3 268690
8: 284584.6 18, 5d1* 6:(*8)7d 7d D 2 269758
1o } 5 6a08)7p | 7p *P° | 0,1 { maoro I b
11° £284611. 9
Bi v(*8eg) Limit |_______ 385506
December 1954.
Biv
(Au 1 sequence; 79 electrons) Z=83
Ground state 1s* 25 2p* 35* 3p® 3d'° 452 4p* 4d¥ 4/ 58 5p* 54" 68 Sy
68 'Sy, 451700 K I. P. 56.0 volts
In 1932 Arvidsson observed the spectrum in the extreme ultraviolet and classified three
pairs of doublets. Later, Schoepfle extended the analysis with the aid of Arvidsson’s measure-
ments; his data are used in the table. There are 20 classified lines between 355.769 A and
1139.548 A.
Schoepfle states that the hyperfine separation of the ground term is 13 K. The combina-
tion of this term with 6p *P3, gives rise to two lines having respective wave numbers 87754.1
and 87767.8. Similarly, its combination with 6p *P;, gives the two components 115673.9 and
115686.8. Schoepfle adopts an average value for each of the *P° levels, namely, 87760 and
115681. 1In order to list the energy levels from the ground state zero, the writer has adopted
the lower of the hyperfine-structure levels instead of the average of the two, and adjusted the
values of other levels in the table based on combinations with 6p ?P°, accordingly. The small
correction (—86 or —7 K) is perhaps negligible when it is considered that the observed Bi v
lines lie in the far ultraviolet region. Arvidsson estimates that the measured wavelengths
are probably accurate to about 0.03 A.

REFERENCES

G. Arvidsson, Ann. der Phys. {5) 13, 787, (1932). (C L) (hfs)
G. K. 8ch~-nfle, Phys. Rev. 47, 232 (1935). (I P) (T) (C L) (hfs)
F. M. Kelly, R. Richmond, and M. F. Crawford, Phys. Rev. 88, 285 (L) (1950). (hfs)




Bi v1('8¢) Limit | _.____. 451700

September 1954.

(Pt 1 sequence; 78 electrons) Z=83
Ground state 1s* 28® 2p® 3s* 3p® 34" 48 4p* 4d" 41 54* 5p° 54V 'S,
5d* 1S, 712000 K 1. P. 88.3 volts

The analysis is from Schoepfle, who has extended the work of Mack and Fromer. Both
investigations are based on the observations of Arvidsson, who reported the first regularities.
There are in all, 91 classified lines in the interval 214.318 A to 1394.46 A, rejecting one dubious
level above the ionization limit; and a level at 176585 which cannot be explained theoretically,
as pointed out by Mack.

The spectra of the Pt 1 isoelectronic sequence are of special theoretical interest because
they approach jj-coupling rather than LS- or Jl-coupling. This appears more conspicuously
in the spectra of higher ionization, especially among the levels fiom the 5d°(*D)6p configuration.
A detailed study of ‘““The Four Vector Problem and Its Application to Energies and Intensities
in Platinum-like Spectra” has been made by Goble. In LS-coupling this configuration gives
rise to the terms '#(P°D°F°). In jj-coupling the same number of energy levels and the same
resultant J-values occur, but each level is defined by two j-values, one for the d-electron (1% or
2%), and one for the p-electron (0¥ or 1¥).

In the table, the writer has assigned LS-designations only in the case of the !*D terms from
the 5&°(*D)ns configuration, although the jj-coupling applies here also. The j-values for the
d- and p-electrons as required for jj-coupling are indicated in the configuration column, the
former being the same a8 the J-values of the limit term *D. A table giving the transforma-
tion from jj- to LS-coupling may be found in the book by Condon and Shortley, p. 204.

Schoepfle uses as the ionization limit the value 761800 derived by a Ritz formula from
which he apparently determined the absolute value of the 5d*(*Dy,)6p1y, J=3, level. The
corresponding ionization potential is 94.4 volts.

Mack and Fromer quote an ionization potential derived from a Moseley diagram for the
sequence. This estimate is based on & two-member series, 58° ®D,,)ns (n=86,7), J=3 repre-
sented by a Rydberg formula to which the same Ritz correction is applied as for the spectrum
of the same stage of ionization in the Au 1 sequence. Their limit is quoted here.




226 ®
Bi vi—Continned .
REFERENCES O
G. Arvideson, Ann. der Phys. [5] 18, 787 (1933). (T) (C L) (hts)
A. T. Goble, Phys. Rev. 48, 348 (1035).
J. E. Mack and M. Fromer, Phys. Rev. 48, 357 (1988). (I P) (T) (C L) (bts)
G. K. Schoepfle, Phys. Rev. 80, 538 (1038). (1 P) (T) (CL) \Q)
E. U. Condon and G. H. Bhortloy, The of Atowmic Specire, p. 394 (Cambridge University Press, London,
1951).
J. E. Mack, letter (June 1956).
Bivi Biv1
Config. Denig. J Level Interval Config. Desig J Level Interval
8d» 5dw 18 [ 0 2 873679
84'(C Dy, 62 6s D 3 149498 2 401592
U 2 w3y | 43
5d°CDy ) 0e 1 176017 M‘(’Dl,‘)h 7:%D g :ggig —896
Bd* Dy 6 6 D | 2 178479 8&*CDy s 1 452280 | —297
3 237881 8 Dyy7s 74'D 2 452014
50D ) 6puws 2 844781 1 539649
Sd*("D ) 6 pus 3 247165 5CD)7p? 3 556781
2 260191 5&GD)7pt 3 562057
5d*CDy) Bpws 2 270608 2 580252
8&'GD, 1 274158 50Dy 8s 88D 3 606519
1) 6Peg 4 (* ) 3 posrd —235 o
5 Dyqa)Bpiy 4 277868 1
5d'(*Dyy)6pug 2 280930 50Dy 84 8s!D 2 631304
5Dy bpig 1 284038 2 644278
5d*(Dyg)8pyg 3 284058 5d°(Dy¢)9s 9D g 711313
5d*G D) 6pyg 0 295868 1
8&(Dyyg)6pus 3 806278 | | e e e e
5d%( D) 6p1 1 205908 Bi viz0Dyy) Limit |..___.. 712000
80Dy, 6pu4 2 208618 54'CD)8p? 3 744960
1 815854 5d(:D)8p? 3 749193
2 819259
Auguat 1956.
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POLONIUM
Pol
84 electrons Z=g4
Ground state 1s* 2¢* 2p° 34” 3p® 3d¥ 44* 4p® 4d™ 4/ 5s* 5p* 54 Gs* 6p* ’P,
6p* *P; 679680 K 1. P. 8.43 voits

The analyuis is from the paper by Charles, Hunt, Pish, and Timma, who have classified
some 50 out of approximately 150 lines observed between 1919.4 A and 9374.80 A. They
report that a study of the Zeeman effect is in progress. Their limit is from the ns S° series
(n=7, 8), corrected by extrapolating the differences of the effective quantum numbers for
Tl1, Pb1, and Bir.

Mrozowski has classified 7 additional lines in the above list, and added the term 6p*'S,
and the 2 levels 53762 and 64471. He attributes 3 of theee lines to forbidden transitions of the
multipole type, observed in emission, stating that they are “just the three strongest multipole
lines to be expected.”

Most of the levels and designations listed below have been reported ina:pendently by
Vernyi, Zaidel, and Shvebel'blit, whose paper has just become available.

REFERENCES
G. W. Charles, D. J. Hunt, G. Pish, and D. L. Timma, J. Opt. Soc. Am. 45, 889 (1955). (I P) (T) (C L)
8. Mrozowski, J. Opt. Boc. Am. 48, 683 (1956). (T) (CL)
E. A. Vernyi, A. N. Zaidel, and K. G. Shvebel’blit, Doklady Akad. Nauk. SS8R 104, 710 (1955); A. E. R, E.

(Harwell, England) Lib/Trans. 681 (1956). (T) (CL)

Po1l Por
Config. Desig. J Level | Interval Con®g. Desig. J Level | Interval
6pt 6ps 3P 2 0 —16831 6p3(43°)8s 8s 88°7 2 56928
1 16831 9317
0 7514 8p3(45°)8s 8s 38°7 1 66268
6pt 6p¢ 'D 2 21679 9° 1 57077
0p*(48°)7s 7s 88° 2 39081 8p3(48°)8p? 10 lor2 59364
6p*(48°)7s 7s 38° 1 40802 11° 2 59469
8pt 8pt 18 ¢ 42718 6p*(18°)8p? 12 lor2 59583
1° 2 51718 13° |lor2| 61818
2 3 52099 822(8°)9p? 14 lor2! 62704
3° 1 52588 6p(18°)9p? 15 lor2 62806
4 1 53027 16° |1or2| 62884
1 53762 17 |1or2| 62959
5° 1 54250 8p*(48°) 10p? 18 lor2 64451
1 P77 7 R N | PRI IOIPRIPRSPRUNITN FRUPIU HPP
6° 3 554656 Po 11(*8t¢) Limit |..._.... 67980
September 1956,
® L J ® ® ® @ ®
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RADON .
Ral ®
86 electrons Z=86 )
)
Ground State 14 2¢* 2p° 34* 3p* 34" 44° 4p* 44" 4/™ 5¢* 5p* 54" 64 62" 'S,
6p* 'S, 86692.5 K I. P. 10.748 volts
The analysis is by Rasmussen, who has classified 172 lines in the interval 3316.14 A to
10161.45 A, in addition to the two resonance lines 1451.56 A and 1786.07 A. The series are
well determined from a Rits formule.
Edlén has noted that both the run of the quantum defects and the observed combinations
indicate that the levels given by Rasmussen in the Paschen notation as 14 and ls,, are, re-
spectively, 3d, and 3d;. This change has been made in the table, and Edlén’s predicted positions
of the 1s and 1s, levels entered in brackets.
By analogy with Xe1, the writer has introduced Jl-coupling notation for Rn1 in conformity
with the designations adopted in these volumes for other spectra of the inert-gas type.
Rasmussen givee the following LS-designations for the different types of seriee:
Paschen LS | Paschen LS | Paschen LS | Paschen LS
8 .P’ P 'D. d‘ SF, [} X 'D|
E 2 'P] P .-Dl d. 'Pg Y 'Da
a5 .P. Pa 'D; dl SF ) Z 'Fq .
83 'Pg Ps 'P. d; 'D. U 'D]
P 18, ds P, d; D, v F,
Py D, ds P, dy D, w ’F
REFERENCES
E. Rasmussen, Zeit. Phys. 80, 726 (1933). (I P) (T) (CL)
B. Edlén, Ark. Mat. Astr. Fys. (Stockholm) 38A, No. 21, 4 (1943).
Ral Rnl
Author Config, Desig. J Level Autbor Config. Desig. J Level
) ép* 8ps 18 0 0.0 3d, 6p'(3P1))6d 6d [1%]° % 70222, 8¢
1 Pl Ts (1%)° 2 | 54620.35
1o, PEFLOTe * 1A T | 52585 08 310 6p° (P10 8p 8p [0%] 1 | 770390.38
1 4 ° " 2! 2 77161. 69
l:: SpA(*Ph 7s 78’ [0%) (l) [gggs gz 8p [2}4) 3 ‘7604 53
3; ” 8p [1 1 77677. 83
2pn 8p'CPYY7p 1 | 6624497 3:'. P (4] 2 | 77827.82
2ps ” 2 66707. 53 3ps ’ 8p (0%] 0 78163. 27
2 3 68039. 48
2 ” 7 1 1 10 4d 6p*(P)7d 7d [0%]° 0 77694. 82
2;: P [14] 2 g:;'ggf 93 ad; PIePH (0%} 1 77816. 18
2 " : " 7d o 4 | 78088, 42
Ps 7p [0%]) 1} 69743. 98 : {3%] 3 280 37
3d, 6p'(P1,) 6d 8d [0%]° o | 87906 5¢ 4d, z d [1%]° 2 | 78178.80
3ds 1 68891. 34 4d, 1
H " 6d ([3%)° 4 69798. 00 4d; ” 7d [2K]° 2 78475. 97
%: (B4 3 | 70440 42 ad’ (24l 3 | 78688, 28
e ® L ® ® ® o
- bttt Ao
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Ru —Centinned Ra }—Centinned
Author Config. Desig. J Level Author Conflg Duig. J Level .
% %N 3 | 70098. 50 X Pl 7 7 14 1 | sssrs 07 .
=.': op\CPho D 1 | 7970287 oY b /1 2 (8887888
" U 4] s ,
X P OPRYY & %) 1 | 79639. 03 6z 4 8w )
Y 2 | T4 93 U " 7 134) 3 | 83607.96
’" 8§ (4% s oV 2 | 8361071
© 4 | 70000.3 oW 2z 7 (3%) : 83622 40
4U " ) 3 | T9745. 40
w v 3 e S 6p°0Po 11 s (1K) 2 | 83595. 18
r | ¢ ] B
aw o ¥ BRI | 3 | 797818 Bas 1 | 8330 49
7ds 8p*(*Phro) 10d 10d {0X° o | 84075.08
Apw S0P 9P 9 j0K) 1| 80908 08 14, 1| 84111.80
" . 74, " 10d [3%]° 4 | 84108 11
:: 9 (2] 2 g:%&z 7d. t 3 | 841r7.39
49 o1 2 | 8135182 d, 1
' : 7d; ’” 104 [3%]° 2 | 8481000
49 ' 9p [0%) 8151027 | 7 61 (2] HI 9o
5d, 6p°(P15)8d 84 [ox)° 0 8123415 8 6p' (PO 11 11p (2 2
5ds by | 81829, 96 e: PP 11p P [24] 2 | su099.35
H " 84 [3%)° 4 .
5d, 3 | 81514. 40 o Hp [14) : |shane
& S L I © o | o feasoe
5d; o 8d [2%]° 2 81619. 30 1 84407. 70 o
8d! [2 3 | 81695. 16 [, SpCPLOS ¥ A 2 | 84410 41
" 8/ [4X) 6
5X 6p* 0P 6 6f (1%] 1 | 82190. 55 4 1
5Y PePLIS /1 2 | 8210597 | 7z 84410. 04
” of 4% 5 6 6p° P 128 125 [1%)° 2 | 84428 40
5Z / k] 1 | s2ns 92 Ges PRI (4] 1
50 iz 6/ [24] 3 | 82248 73 ,
’ 7 8p* Py 12 12p {2 2
5V 2 82251. 06 72 PP i2p p (24] 3 84746, 35
5W iz 6f [3%) 3 | 82270 68
7 o 12p 1 1
4 75’. P (1A] 2 | 84767.3
43 6p°("Ply) 10s 10s 1%)° | 2 1 82211.18 84! 6050P1) 11d 11d (3%]° s | 84785. 88
48, 1 82275. 97 Bd: PPy (3%] 3 84796. 63
5pu 6p3(2P1y) 10p 10p [0}:] 1 82927. 18 gg: ” 11d [1%)° % 84791. 24
Spe " 10p (2'4] 2 82953. 90 ' 84; " 11d [2&]° 2 848186. 50
5m : 3 |8300498 | g (BAI" 1 3 | 8iess. o1
o " 0p (U411 1 | Sanre ¥ 6p°0P1O9 of w4 | 5
P . 7
5 ' ” y ) 84 PerRY ’ 4 | 8495468
Ps 10p [0} 83203. 97 U " o [25] g 84960, 71
6d, 6p*(P1y)9d od [0%)° 0 | 83042 58
6d, 1| 83096. 24 9d; 6p'(1P1y,) 124 124 [34)° | 4 | 86204 47
M" Iz M 13%10 4 8317’ 08 gdq 3 86210. 91
N 3 | 83199. 40 1
6d, z od %P | 2 |ssisses | oz SPEPLOI | 100 AT 3 asn 08
6dy 1 | 8844988
6d; v od [2%)° IV Vol | N N
6d; 3 | age97. o2 Rn (Pt Limit | .. ___ 86692. 5
February 1955,
r ® ® ® L ® ® ® o
-~ o— P RSN e— J
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231
RADIUM
Ral
88 electrons Z=88
Ground state 15 22 2p*® 3s? 3p* 3d% 4¢* 4p* 44" 4" 5s* 5p° 54'° 65* 6p°® 7s* 'Sy
78 1S, 42577.35 K I. P. 5.277 volts
The analysis is from Rasmussen, with the revisions suggested by Russell on the basis of
the comparison of Ra 1 with the analogous spectra Ber, Mgt, Ca1, Sr1, and Ba1. In the
first column of the table Rasmussen’s notation is entered. The changes in analysis can be
detected by comparing the designations in this column with those in column three.
There are 69 classified lines between 2955.65 A and 9932.21 A. Observed intersystem
combinations connect the singlet and triplet systems of terms.
The limit is from the *F° series. Rasmussen’s value has been increased by 627.66 K to
agree with the revisions introduced by Russell in the connection between certain groups of
terms,
REFERENCES
E. Rasmussen, Zeit. Phys. 87, 607 (1934). (I P) (T) (C L)
H. N. Ruseell, Phys. Rev. 48, 989 (1934). (I P) (T) (C L)
Ra1 Ral
Author Config. Desig. J Level Interval || Author Config. Desig. J Level | Interval
118, 78 78 18 ] 0. 00 31D, 7s(2S)6d éd 'D 2 | 17081. 45
2P, Ts(38) 7, 7p 3P° 0 | 18078. 2P, 7:(38)7 7p P° 1] 20715. 71
21p; Rk P ! | 13900, 54 a0 3¢ ! 7P P
2P, 2| 16688. 54 . 238, 72(3S)8s 8 '3 1] 26754.05
3'D, 7308)6d éd D 1| 13715.85 dpiF, 8d(D)7p Tp'3F° | 2| 28038.06 | 9079 73
3'D 2|1 7| 27812 s 3 | so117. 78 | 2972
31D, 3| 13707 35| 71338 ‘}’; '% 4 | 38367, 78 | 9250-00
e o ® o ® L ®

e ofs @




33
Ra —Centinned Ra —Centinned
Author Conflg. Desig. J Level | Interval Avuthor Conflg. Desig. J Level |Interval
dp D, sdaD)7p 7 D* | 3| s0018 14 3%, 7308)% % % 1| 3447578
7:08)8p 8p P 0 | 81088, 88 4T1. 41 4°F, T:08)8f & F° 2| 85855.65 1287
L 1] 81569. 89 . 4°F, 3 | $58458. 08
P 3| sisria4| BB gy 4| 360540 BB
» T P 0 7s('8)6f 6/ F* 3
4 sD, 1| 81248 61 5 F, 3 | 37028 90
&P, 3| 8204013109283 (| g.p 4| smes0 05| T8
dd P, 7:(8)7d 74 D 1 | 332000. 83 7. 41 7s08) 7 7y F° 3
4D 3] 31908 41 ana 8P, 3 | 36860. 96
4D, 3{s219728| W87 || qup, 43036608 ©&03
dd D 7 9D 33221484 7F 7s(18) L) g 3| 40819.5
! » ' 7F, ead v 3|iom05 | 3%
dp D, 6d(D)7p 79’ D° 1 | 39899. 57 276. 63 7°3F, 4 | 40831 58
dp 3D, 3 | 88500. 59 800, 87
dp D, 8| 8s197.46 1 OO e, U IS
3P, 7:(38)8p 8p 'P° 1| 92857. 08 Ra 11(38y¢) Limit ... | 42577. 38
6d(@D)7» 79’ P° 0| 33782 41
1| 3382370 | AL 29
dp P, 3 | 84388 91
Maroh 1958
Ra1 OpsErvep TErMs®
Confi, tion
15t 248 g..n 3 :g" Observed Terms
3dM 499 4ps 4d10
5e* 5p* Ged 6p* 1
7 T8
”» { P 791D
ns (n27) np (n27) nd (n>6) nf (n 25)
pe  § ) hd
7s08)nz {8, 9s 8 _'.": g: |£° 6, Zﬂ.B 5-8/F
“(’D)M’ { 7,: lPo ;:: :B: 7,’ tFo
*For predicted terms in the spectra of the Ra 1 isoelectronic sequence, see Vol, 111, Introduction,
® ] ® o ®




233
Ram
(¥r 1 ssquence; 87 electronms) Z88
Ground state 1¢* 30* 29" 34* 39 3d™ 44 49" 44" 4/ B4 5p’ 5d™ 64® Op® Ta By
Te B 8184231 K L P. 10.144 volts
The analysis is by Raamussen, who has clamified 64 lines in the range 1888.7 A to 0453.57 A,
from observations made with a hollow-cathode source. The spectrum gives
series of doublet terms. Rasmussen stresses the similarity of this spectrum and Be 1.
Revised values of the 6f 'F° term are from the infrared combination with 7d *D given in the
later reference.
REFERENCES
E. Rasmumsen, Zeit. Phye. 86, 24 (1833). A ) () (C L)
E. Ragmussen, Zeit. Phys. 87, 615 (1834). (C L)
Raml Ral
Conflg. Desig. J Level | Interval Conflg. Desig. J Level | Interval
6P (8)Ts T8 0% 0. 00 6p*(18) 108 10e 18 0% | 66s37. 88
D 63264
iy M | alesn opee ikt 3 |celiss| 1007
8)7 9P° . G
g el Bl B B B b e
6pA('8)8s 818 0% 01 o g
ep(8) 10d 10d *D 1 T2043.08 | oy g
6p(8)7d 741D 1 ASTAL OA | 4o 40 3 73123 78
3 4034048 8p*(8)7g 70 %G 3%, 4% | 72834 87
pe 32 45987. 98 '
weny v M| fearasi| mm (911 114D 1 (743404 | g
——— 89 1P o1 2 | 74488 81
W | 6%0n 06 | 1788 04 6p*(8)8y 80'G | 3% 4% | T404L 01
0 % 8 59165. 33 6p*(8)124 134D 1
z:::)w of 'F° :: 50515, 48 2;2 76060. 74
3K | 681550 | 30011 6p*(8) 0y %G | 3% 4% | 76302 12
8d 84D 1
v i |dpg| e | e | e e
o089 o | oy d '
1% 16841041 |l e e e
0p0B) 5y 591G 3%, 4% | 64150, 65 Ra m 08y Limit |.__.._... 81842 31
ooy | T ) e
March 1955,
® ® ® ® ® L ®




ACTINIUM

89 electrons Z=89
Ground state 14° 35* 2p° 3¢* 3p* 3™ 4s® 49" 44 4/* 5 5p° 54 64* Op* 74* 64 1Dy,
@Dy K ILP volta

The observation, description, and analyses of the emission spectra of actinium have been
undertaken especially for inclusion here. The analysis is by Meggers, who has meesured and
interpreted arc and hollow-cathode spectrograms made at the Argonne National Laboratory
by Fred and Tomkins. Thus far, 87 Ac1 lines, with wavelengths ranging from 2868.82 A to
7866.10 A, bave been classified as combinations among 40 energy levels. An estimated value
of 3P} is entered in brackets in the table. This term has not yet been found because of
the lack of infrared observations.

No series have been found. From a study of the screening constants, Finkelnburg and
Humbach bave extrapolated an ionization potential of 6.940.6 volts.

REFERENCES

. F. Meggers, M. Fred, and F. 8. Tomkina, J. Opt. Soc. Am. 41, 867 (A) (1051). (T)
. Fred, F. 8. Tomkins, and W. F. Meggers, Phys. Rev. 98, 1514 (L) (1985). (hfs)

4K 4

Finkeloburg und W. Humbach, Naturwiss. 43, 35 (1955). (I P)
W. F. Meggers, M. Fred, and F. 8. Tomkins, J. Research Nat. Bur. Std. §8, 297, RP2763 (1967). (T) (C L)
Acl Acl
Config. ‘ Desig. J Level Interval Config. Desig. J Level Interval
6d 7 a’D 1 0.00 6d 7s(a D)7 p° 1% | 26066 04
W | 2y | 228143 *(a'D)7p v 2 | 2ogss 18 | 46713
6#(a ') Te a'F 1 9217. 28 6d 7s(a 'D)7 tFo 2% | 26838. 20
2 9863 59 | 54831 (@!D)7p v 3% | #8588 40 | 173220
3% | 1000803 | 9243
4% | 12078 07 6d 7a(a 'D)7p zP° 0%
1% | sosse. 61
79(a '8)7p 29P° 0%
1% | (00004} 6 (a F)Tp 24G° 2% | 3149468 | 404 o4
6d 7a(aD)7p $4F° 1% | 18712.90 i’é Seaer op | ST
f { A .
2% | 1404078 | 1337.82 534 | 3348976 | 56237
3% | 17688 87
n 6d*(a 'F)7p 1% | 31800 35
6d 7s(a 'D)7p 2D° | 0% | 17190 71 (e F)7 2y? | 32495.67
| ek | i) 20 o | smotns
3 | es475.94 | 2280.07 ae )
6d'(a ’F) 7p 1% | ss67s. 66
6d 7a(a*D)7p $3D° 1% | 17736.28 | 5.4 4
21 | 17960. 71 6d*(a'F)7p 3% | 3875643
6d 7s(a*D)7p ) 0% | 2200158 | 400 o 8d*(a F)7p 3% | 34360.25
1% | ses0r10 | 39958
2% | 23895 86 - 84%(a 'F)7p 2% | 3465847
od 7s(e*D)7p 3 1F° 2% | 23916, 54 6d*(a IF)7 4% | 8478818
( 3i; | 24069, 30 | 105246 @*F)7p
6*(a'F)7p % | 35870.00
od 7s(a D) 7p yip° o% 25729. 03 1280. 81
1% | 22009, 84 .
June 1987.
L L ° ® ® ) () ® o
snhatnalivien - P " . . w I e Sttty




Ae 1 Onanavep Tunus®

g‘.ﬂ:‘? l:"‘:p:lu Observed Terms
o 5p |£: e Opr+
6d 78 e D
ne (n27) np (n2D
7% (e '8)ns
ipe ip° pe
Gd 7.(0 'D)M { ;.po : p° : )
8d 7s(a !D)ns 3 3P° yD* y P
6d*(atF)ns a‘F 214G°

sFor predicted terms in the spectra of the Ac 1 isoelectronic sequence, see Vol. 1,
Introdustion.

Aenl

(Ra 1 sequence; 88 electrons) Z=89
Ground state 1s* 24 2p* 3s* 3p* 3d™ 44 4" 4d'° 411 54* 5p° 5d'° 64* 6p* 75* 'S,
68, 97800 K I. P. 12.1 volta

‘The analysis is by Meggers, who has measured and interpreted spark and hollow-cathode
spectrograms made at the Argonne National Laboratory by Fred and Tomkins. This work
has been carried out eepecially for inclusion here. Meggers has furnished manuscript in
advance of publication. He states that ‘“The Ac 11 spectrum is more complex than Ac 1 because
the 5f-electron contributes many excited odd levels. Thus far, 226 Ac 11 lines with wave-
lengths from 2261.75 A to 7886.82 A have been classified as combinations of 27 even and 38
odd levels.”

Racah has suggested the jj-coupling arrangement for the levels from the 5/("F°)7p con-
figuration. The tentative LS-designations ascribed to these levels agree reasonably well
both with the intensities of the observed combinations and with the theory for 2-electron
spectra by Racah.

The limit is from the 72(*S)ns series (n=7, 8), and has been derived from a Rydberg
formula, corrected by analogy with Ra 11. From a study of screening constants Finkelnburg
and Humbach interpolate an ionization potential of 11.5+0.4 volts.

REFERENCES

G. Racah, Physica 16, Noe. 7-8, 651 (1950).

W. ¥. Meggers, M. Fred, and F. 8. Tomkins, J. Opt. Soc. Am. 41, 867 (A) (1951). (1)

M. Fred, F. 8. Tomkins, and W. F. Meggers, Phys. Rev. 98, 1514 (L) (1955). (hfs)

W. Finkelnburg und W. Humbach, Naturwiss. 43, 35 (1985). (I P)

W. F. Meggers, M. Fred, and F. 8. Tomkins, J. Research Nat. Bur. 8td. 88, 207, RP2763 (1957). (I P) (T)
(CL)




« ofe &

Acnl
Config. Deaig. J Level Interval Config. Desig. J Level Interval
) «8 0 0.00 6d(D)7p yIFe 3 | s1027.08
840D)7s e 1] ane | 5 &0eD)7p y P 1| 410994
3| 7653 | 315036 6d(D)sf yiD° 3 | 44706.88
64(D)7s ) 2 | o0087.54 6d(D)ss $3G° 3| 40708 | yem e
o o'F 3 | e | 50 5 | o151 64 | YTRO7
4 | 1675690 | 1807.09 8d(D)5/ yiD* 1 | 48618 41 900, 64
3 | is4r0.06 | P03
o opP 0 | 178710 | 137g g 3 | s0089.70
2 | 220045 | 318418 edCD)8f 2P 0 | 49780.60 | 45 00
1 | s0235.60 | 105 oF
o ) 2 | 19203 02 2 | 51987 61
o e1G 4 | 20848 28 7:08)8s 8 1 | s1680 55
7:08)7p s p° 0 | 2085840 | g5y 4g 84(D)5/ 2P 3 | 53885 30
2 | sisr8.87 | 969838 75(18)8s ¢8 o | 5337401
640D)7p $F° 3 | 20448.96 | yo0n g, 8/0F 2% 7Pus ¢ 'F 2 | 54633 08
3 | siurieo | 413704 > :
4 | s9119 02 «G 3 { 546411
7:(8) y F° 2 28201, 11
i 3 | ssas109 3 6d(D)sf 21P° 1 | se1ss. 2
) 5/QF507 ¢ G 4 | 5768378
64(D)7p s'D° 1 | 29850.40 | 4054 56 d ':) P ,
3 | sssorse | 3057 & ) 3 | 57944 57
7508)7p $1p° 1 | 33388 61 510F3) TP e 'F 3 | 890709 P
6d(D)7p £1D° 2 | sss97.18 ” ¢D 2 | 598075
7:08)5f s 1F° 3 | 8814435 " ¢ 1G 4 | 59889.05
640D)7p yiP° 0 | se780.01 75 49 " ¢D 1 | eooes 0
3 | Sesce g‘: 1516 14
5/CFS0) Tpuss ¢ 1F 3 | 62350 68
6d(D)5f s 'H° 4 | 39807 14
8 | 40016 it 1100. 27 z ¢ F 4 | 62860 81
- - " ¢D 2 | e3ssL 56
¢ z 2 | 41678567
3 | 4se75.85 | 19008 ” ¢1G 5 | 65392 48
4 | %5040 30
6d(D)5f 81G° 4 | 41087.79 "'"; ;'(:s'.;) """" 1. ‘m“ """""" rmo """

June 1957.




Ao 11 Osssavan Tuaua®

287
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wwﬁw
" 48 Mﬁ-

8ot 8p* 0 &ph+

Observed Terms

7¢

7:(8)na
6d(D)nz

§/CF)ns

a8

a'p

a'F
«!'G

n(n27)

np (n27)

o (n28)

&H

P

s3p°
I )

ipe
y P

M LIPY)
sD°  yIF°

«D ¢ 'F
¢'D «F

¢3G
G

33P* yiD°
z'P° y'D°

e
1

zIF°  31G°
z1F* 31G*°

3'H®

SFor predicted terms in the spectra of the Ra 1 iscelectronic sequence, see Vol. n1, Introduction.

(Fr 1 sequence; 87 electrons)

AeIn

Ground state 1s* Zs* 2p° 36 3p° 3d™ 4s° 4 40 4/ 54° 59° 54 64° 6" 76 s

T8 %

K

L.P

Z=89

volts

The analysis is by Meggers, who first detected strong Ac 111 lines on spark spectrograms
maede at the Argonne laboratory by Fred and Tomkins. This work hss been done especially
for inclusion here, and the resulta have been furnished in advance of publication.

Moeggers has ascribed eight lines to Ac mx, in the range 2626.44 A to 5193.21 A, because
they appeared in the arcs only near the cathode, and were greatly enhanced and hazy in the
spark. He reports that two lines exhibit hyperfine components having a separation of 1.73 K,
which led him to conclude that they represent the combination from the ground state 78S to
7p*P°. Further observations over a longer spectral range are needed to extend the analysis.

By analogy with Ra 1 and Th 1v Lang estimates an ionization potential near 20 volts.

REFERENCES

J. Lang, Canadian J. Research {A] 14, 46 (1936).

(aInp.

R.J.
W. F. Meggers, M. Fred, and F. 8. Tomkins, J. Opt. Soc. Am. 41, 887 (A) (1951),
W. P. Meggers, M. Fred, and F. B. Tomkins, J. Research Nat. Bur. 8td. §8, 207, RP2763 (1957). (T) (CL)

-~

Aem

AcIn

Config.

Desig.

J

Level

Interval

Config.

Desig.

Level

Interval

Cp(18)7s
ep'('S)6d

7s %8
6d D

epr(18) &
6pA('8)7p

§7F°

7pP°

234546
26080. 8

£8466. 9
38063. 0

2628. 7

8597. 1

June 1957,




238 Additions and Corrections, Volume I*
Page | Spectrum Remarks
1| Hr Add references: C.J. Humphreys, J. Research Nat. Bur. Std. §0, 1, RP 2380 (1953) (T) (CL);
Sixth series and other series members in far infrared. W. E. Lamb, Jr. and T. M. Sanders, Jr.,
Phys. Rev. [2] 168, 313 (1956); Fine structure of n=3.
3 D Add reference: G. Herzberg, Proc. Roy. Soc. London [A] 234, 516 (1956); Fine structure.
4 He1 Add references: W. V. Houston, Proc. Nat. Acad. Sci. 18, 91 (1927); Fine structure. C.J.
Humphreys and H. J. Kostkowski, J. Research Nat. Bur. Std. 49, 73, RP 2345 (1952) (T)
(C L); Revised term values from infrared observations. G. Herzberg, Am. Assn. Adv. Sci.
Symposium (December 1957) (I P); Limit 198310.4+0.3; I. P. 24.581. T. H. Maiman and
W. E. Lamb, Jr., Phys. Rev. 98, 1194 (A) (1955); Fine structure. C. J. Humphreys and
E. Paul, Jr., U. S. Naval Ord Lab., NAVORD Report 4589, 25 (1958) (T) (CL); Infrared
observations. A. G. Shenstone, unpublished material (1957); Revised level values based on
recent observations:
Hel He1l
Desig. J Level Desig. J Level
8s 138 1 196455. 68 1338 1 197625. 00
8s 18 0 196529. 03 13s 18 0 197641. 53
84D 3,21 196589. 26 13d'D 2 197655. 34
84D 2 196589. 73 1343D 3,21 197655. 38
98 38 1 196856. 29 14838 1 197720. 62
9s 18 0 196907. 13 148 'S 0 197733. 82
9d 3D 3,21 196949. 41 14d D 2 197744. 84
9d D 2 196949. 63 14d 3D 3,21 197744 86
108 38 1 197139. 53 158 38 1 197797. 37
10s 18 0 197176. 32 158 18 0 197808. 10
10d *D 3,21 197207. 05 154D 2 197817. 01
104'D 2 197207. 22 154D 3,21 197817. 08
11818 1 197347. 13 165 38 1 197860. 11
11d3D 321 197397. 63 164 tD 2 197875. 8?
11d'D 2 197397. 84 164D 3,21 197876. 17
125 38 1 197503. 77 175 '8 1 197911. 78
128 'S 0 197524 83 17d3D 3,21 197925. 16
12d3D 3,21 197542. 55 184D 3,21 197966. 4?
124'D 2 197542. 69 1943D 3,21 198001. 2?
July 19.7.
6 He 11 J. E. Mack Jetter, December 1953) states that the term 158 28, etc. should read 436958.026, etc.,
instead ¢: 436957.026, etc.

Add references: R. Wilson, Mon. Not. Roy. Astron. Soc. 113, 557 (1953); Series members
592G —nh *H°(n=13 to 34). G.W. Series, Proc. Roy. Soc. London [A} 226, 377 (1954); Fine
structure.

8 Lix Add reference: K. Lidén and N. Starfelt, Ark. Fys. §, 127 (1952) (I P).
10 Lin 28 'S should read 491361 instead of {490079].
Add reference: H. Schiiler, Zeit. Phys. 66, 431 (1930); Fine structure.

*At the end of Volume II a list of corrections to Volume I was appended. These are not repeated, but additional revisions are given.




Additions and Corrections, Volume 1*—Continued 239
Page | Spectrum Remarks
12 Be1 Add reference: W. R. Bozman, C. H. Corliss, W. F. Meggers and R. E. Trees, J. Ressarch Nat.
Bur. Std. 50, 131, RP 2399 (1953) (T) (C L); Observed intersystem combination gives
z=—1.18.
14 Bem Add reference: B. Edlén, Ark. Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
16 B1 Add references: H. E. Clearman, J. Opt. Soc. Am. 43, 373 (1952) (T) (CL). E. W. Burke, Jr.
and J. E. Mack, J. Opt. Soc. Am. 48, 100 (1956) (T).
19 Biv Add reference: B. Edlén, Ark Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
21 Cr Limit should read 90814, 1. P. 11.256.
Add references: B. Edlén, Accad. Naz. Lincei Volta Conv. (Rome) 11, 58 (1952) and un-
published material (September 1952); Wavelengths and revised term values. L. Minnhagen,
Ark. Fys. 2, No. 33, 413 (1954) (T) (C L).
24 Cu Add reference: S. Glad, Ark. Fys. 7, No. 2, 7 (1954) (I P) (T) (C L); Revised analysis.
26 Cm Add reference: K. Bockasten, Ark. Fys. 9, No. 30, 457 (1955) (I P) (T) (C L); Revised
analysis: Revised limit is 386213.9, I. P. 47.871; z=+51.7.
29 Civ Add reference: K. Bockasten, Ark Fys. 10, No. 40, 567 (1956) (I P) (T) (C L); Revised
analysis,
30 Cv Add reference: B. Edlén, Ark. Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
32 N1 The term 35’ *D is unresolved and should read 99663. ‘The lack of resolution has been pointed
out by J. C. Boyce in private conversation.
Add reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L):
2p° D%y should read 19223.9
DSy should read 19£253.1
Limit should read 117214, I. P. 14.53.
35 Nnu Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955). (CL)
K. B. Eriksson, unpublished material reported by B. Edlén (March 1957); Revised analysis:
Revised limit is 238751.1+1, 1. P. 29.593; z=—382.6. 4p 'S should read 206911.0.
43 Nw Add reference: B. Edlén, Ark Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
45 O1 Add references: D, O. Davis and K. W. Meisaner, J. Opt. Soc. Am. 43, 510 (1953) Fine
structure. G. Kvifte, Ark. Mat. o Naturvidenskab (Oslo) [B] 82, 65 (1954) (T) (C L);
Series extended. 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
47 On Limit should read 283244, I. P. 35.108.
Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
50 Om Limit should read 442807, 1. P. 54.886.
Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
59 Own Add reference: B. Edlén, Ark. Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
66 Fiv Limit should read 763020, I. P. 87.14.
Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
75 Fvm Add reference: B. Edlén, Ark. Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
83 Nem Add references: I. S. Bowen, Astroph. J. 121, 306 (1955) (CL):
2p**P, should read 642.9
2p* 'D, should read 25840.8
'W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): Interpolated ionization
potential 63.5+0.1.
84 Ne1v Limit should read 782768, 1. P. 97.02.

Add reference: 1. S. Bowen, Astroph. J. 131, 306 (1955) (C L):
2p* D%y reads 409604z

D%y should read 409954z —44.8
2p* P}y should read 62150+z 6.4

3PSy should read 6215742 ’
2p* *D%y, should read £563799+z —23

3Dy should read £53822+2
Other doublet terms should be revised accordingly.

®At the end of Volume II a list of corrections to Volume I was appended. These are not repeated, but additional revisions are given.
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Page | Spectrum Remarks .

®

86 Nev Limit should read 1018634, 1. P. 126.3.
Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L). &
89 Na1 Add referense: P. Risberg, Ark. Fys. 10, No. 41, 583 (1956) (IP) (T) (C L) (G D); Revised &

analysis.
26 Nav Limit should read 116313, 1. P. 138.37.
98 Navi Limit should read 1388419, I. P. 172.09.
108 Mg1 Add reference: R. A. Fisher and F. E. Eshbach, J. Opt. Soc. Am. 43, 1030 (1953) (T) (CL);

Revised term values from near infrared observations.

108 Mgn Add reference: P. Risberg, Ark. Fys. 8, No. 31, 483 (1955) (I P) (T) (C L) (G D); Revised
analysis.

114 Mg w1 Limit should read 1504581, 1. P. 186.49.

117 Mg vu Limit should read 1814430, I. P. 224.90.

123 Mg x1 Add reference: B. Edlén, Ark. Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
135 Al vi1 Limit should read 1947390, 1. P. 241.38.

136 Al vin Limit should read 2295500, I. P. 284.53.

143 Al xni1 Add reference: B. Edlén, Ark Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.

144 Sir A. G. Shenstone, private communication (October 1957) reports following new terms:

3s 3p° S 383826.16

3s 3p*(‘P)4s 5P, 81724.8 99. 5
4 81824.3 152'2
Py 81976.5 :

33 3p*(*P)3d P, 94292.3
', 943661 133 ®
P, 94413.8 :

He sugges.s also, that the term designated 3p? D° (48899.15 etc.) be deleted, and that the
series terms nd *D°(n=4 to 8) have n decreased by 1, (n=3 to 7), since the lowest *D°
term has the configuration 3z 3p*.

Add references: M. A. El'yashevich and O. N. Nikitina, Dokl. Akad. Nauk SSSR, 111, No. 2,
325 (1956); Phys. Abstr. 60, No. 713, 383 (1957) (T) (C L); Report 3s 3p* Sy 88326.28.
C. C. Kiess (July 1957), confirms the term 3¢ 3p* *S§ from two Si1 lines he has measured at
3020.020A (20) and 3006.738A (10). The term designated 3d *D° (46276.20 etc.) should have

the configuration 3s 3p*.
147 Sin A. G. Shenstone and S. L. Blatt, letter (Dec. 1957) report the following terms:
3p P3y 0.00 . 4p ‘Py; 1340174 )
ape,  sgy4s 25145 Py 1340707 523
Pay  134214.0 .
24 ,

‘P, 42032.91 175 17
Py 43108.08 : 4p Sy 134906.0

z is, therefore, approximately —1257 and the values of the quartet terms should be revised
to fit the above data.

148 Simx B. Edlén, letter (July 1956) notes that the 3p? 'D and 3d 'D terms are dubious.

158 Si vin Limit should read 2445110, 1. P. 303.07.

157 Six Limit should read 2831470, 1. P. 350.96.

163 P1 Add reference: W. C. Martin, Dissertation, Princeton University (June 1956) (I P) (T)
(C L); Revised analysis: Limit 84580, I. P. 10.484.

164 Pn Add reference: W. C. Martin, Dissertation, Princeton University (June 1956) ; Revised analysis:

Limit 159100, 1. P. 19.72; z=—6753. 2.
*At the end of Volume IX a list of corrections to Volume I was appended. These are not repeated, but additional revisions are given.
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168 Pm Add reference: W. C. Martin, unpublished material (February 1957); Revised wavelengths
and term values;
4d "Dy, should read 172428. 63 - y
3D,y should read 172429. 40 0.77 N/
Add 4p Dy 207036. 2
D,y 207361.6 204
168 Piv W, C. Martin, letter (July 1957); Revised analysis: delete 3d 'D° and 5p *P°.
174 Pix Limit should re:d 2997600, 1. P. 371.6.
176 Px Limit should read 3423000, 1. P. 424.3.
181 81 Add reference: I. S. Bowen, Astroph. J. 181, 306 (1955) (C L).
183 Sn Add reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L):
3p* DYy should read 14853.0 o
D%y should read 1.4884. 8 ’
3p? Py should read £24524. 9 46.7
3P¢y should read 24571.6 :
185 Sm Add reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
194 Sx Limit should read 3666000?, I. P. 447.0?.
195 Cl: Add reference: S. Avellén, Ark. Fys. 8, No. 3, 211 (1954) (I P) (T) (C L): 3p* *Pj, should
read 882.50; Limit should read 104995.46.
199 Clix Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L): 3p* D3 should read 18118.6.
201 Cliv Add reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
210 Cl x1 Add reference;: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P, is 530.940.2. Py
211 Ari Add references: C. J. Humphreys and H. J. Kostkowski, J. Research Nat. Bur. Std. 49, 73,

RP 2345 (1952) (C L); Infrared observations. T. A. Littlefield and D. T. Turnbull, Proc.
Roy. Soc. London (A} 218, 577 (19853) (T) (C L). K. Burns and K. B. Adams, J. Opt. Soc.
Am. 43, 1020 (1953) (T) (C L); Revised level values. G. H. Dieke and H. M. Crosswhite,
Ordnance Project No. TB 2-0001 (488) 38 pp. (1954) (C L); Bibliography, wavelength list,
intensities. C. J. Humphreys and E. Paul, Jr., U. 8. Naval Ord. Lab,, NAVORD Report
4589, 40 (1956) (T) (C L); Infrared observations.

218 Ar m Add reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L):

3p* *P, should read 1112.1

3p* 'D, should read 14010. 0

3p* 'S, should read 33265. 7

220 Ariv Add reference: I. S. Bowen, Astroph. J. 121, 306 (1855) (C L):

3p* DSy, should read £1090. 8

1D3, should read 21219.5 1202
3p? 3P%,, should read $4855. 4 177.3
P9 should read 35032. 7 )
222 Arv Add reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (CL): new term 3p*'S, 37914.
225 Arix Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From

screening constants interpolated I. P. is 422.6 +0.2.
226 Ar x1v Add reference: B. Edlén, Mon. Not. Roy. Astron. Soc. 114, 700 (1954) (T); Interval of
ground term of A x1v should read 22657, derived from the coronal line observed at A\4412.4A,
which replaces AM359 previously identified as [A x1v].

®At the end of Volume II a list of corrections to Volume I was appended. These are not repeated, but additional revisions are given.




%)
M2 Additions and Corrections, Volume 1*—Continued ®
Page | Spectrum Remarks .
®
227 K1 Add reference: P. Risberg, Ark. Fys. 10, No. 41, 594 (1956) (I P) (T) (C L) (G D); Revised
analysis.
233| K Add reference: I. S. Bowen, Astroph. J. 121, 306 (1855) (C L): 7,
3p* 'D, should read 16384. 0
3p* 'S, should read 38546
234 Kv Add references: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 82.6 1:0.4.
1. 8. Bowen, Astroph. J. 121, 306 (1955) (C L):
3p* Dy should read 24012.7 236, 8
D% should read 24249. 5 )
245 Ca 11 Add reference: B. Edlén and P. Risberg, Ark. Fys. 10, No. 39, 553 (1956) (I P) (T) (CL)
(G D); Revised analysis.
249 Cav Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L):
3p**P, should read 2406.0
3p* D, should read 18830. 1
251 Cavi Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 109+1.
253 Ca v Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 143.3+04.
258 Ca xv Add reference: B. Edlén, Mon. Not. Roy. Astrc:. “:-n. 114, 700 (1954) (T): From coronal
observations, ground term of Ca xv is:
2P 0 0 17556
1 17556 g355
2 35911
259 Sc1 Add reference: M. A. Cataldén y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (2952) (I P): [ )
Revised limit 52750, I. P. 6.54.
263 Sc Add reference: M. A. Cataldén y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).
267 Sc v Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated 1. P. is 139 +-1.
268 Se vix 1. S. Bowen in conversation (July 1953) has noted that the analysis is incorrect.
273 Tiz Add references: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P):
Revised limit 55010, I. P. 6.82. A. K. Wardakee, J. Opt. Soc. Am. 45, 354 (1955) (CL).
281 Tim Add reference: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).
The J-value for ¢ *S should read “1”.
287 Ti vin 1. S. Bowen in conversation (July 1953) has noted that the analysis is incorrect.
Add reference: W. Finkelnburg u W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 17241.
288 Tix Add reference: W. Finkelnburg u W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P, is 216.940.6.
301 Vi Add reference: M. A. Catalén y R. Velasco, An. Real. Soc. Esp [A] 48, 247 (1952) (I P).
xxxvi| Serx For configurations having F-limit terms, under “nf” add S° and P° as predicted terms; for those
sequence having G-limit terms, add P° and D° as predicted terms.
*At the end of Volume II a list of corrections to Volume I was appended. These are not repeated, but additional revisions are given.
Note AbppEp IN PRrOOF
124 Al B. Edlén (letter, February, 1958) states that the term 38929.42 etc. designated 4d D should be assigned to
3s 3p%, and, consequently, the n-values for all higher nd D terms eiiould be decreased by one unit.
266 Be w1 Add reference: B. Eldén, Phys. Rev. 63, 434 (1942) (T): 3s 3p* 1P} 224474.
) ° ° ° °® o ° o
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1 Cr1x Add references: C. C. Kiess, J. Kesearch Nat. Bur. Std. §1, 247, RP 2457 (1953) (I P) (T)
(CL) (ZE). P. Brix, J. T. Eisinger, H. Lew, and G. Wessel, Phys. Rev. (2] 92, 647 (1953)
(ZE).
10 Cru In the array of observed terms the second =.:iry uuder “Config.”’ should read 34 44® instead of
‘ 3d* 40,
! G. Racah (1953) has suggested that the configuration of the term ¢ ‘P should read 32*(5 *P)4s
1 instead of 34° 44
‘ 14 Crmx Add references: M. A. Catalén y K. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).
F. L. Moore, Jr. (Thesis, Princeton 1949), Univ. Microfilm Publ. No. 10, 972, 172 pp.;
Dissertation Abstract (Ann Arbor, Mich.) 18, 432 (1955) (I P) (T) (C L).
27 Mn1 Add refer-nces: M. A. Catalén, J. Research Nat. Bur. Std. 47, 502, RP 2278 (1951) (Z E).
M. L. Espinoea, An. Real. Soc. Esp. [A] 48, 223 (1952) (Z E).
M. A. Cataldn (1953} in private conversation has suggested tiat the term ¢ ‘F is somewhat
dubious.
32 Mnn Add references: R. E. Trees, Phys. Rev. (2] 83, 756 (1951): Notes that the configurations of
a'G and &°G as published in “AEL” should be interchanged in accordance with Curtis’
1952 paper. O. Garcia-Riquelme, L. Iglesias, y R. Velasco, An. Real. Soc. Esp. [A] 83, 77
(1957) (I P) (T) (C L). L. Iglesias, J. Opt. Soc. Am. 46, 449 (1956); 47, 852 (1957) (T)
(CL) (ED).
40 Mnv Adgd reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
41 Mn v1 Add reference: 1. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
49 Fe1 Add references: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).
B. Edlén, Trans. Intern. Astron. Union 9, 219 (1955) (T); Revised term values. J. Blackie
and T. A. Littlefield, Proc. Roy. Soc. London [A] 234, 398 (1956) (C L).
55 Fen Add reference: M. Sales, An. Real. Soc. Esp. [A)] 49, 15 (1953) (T) (C L) (E D).
60 Fe 1 Add references: R. E. Trees, Phys. Rev. [2] 84, 1089 (1951) (T). I. S. Bowen, Astroph. J.
121, 306 (1955) (C L). 8. Glad, Ark. Fys. 10, No. 22, 291 (1956) (I P) (T) (C L) (E D);
Extension of analysis.
66 Fev Add reference: I. S. Bowen, Astroph. J. 121, 305 (1955) (C L).
67 Fewnt Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L): The following terms should
read:
a‘F 1% 0.0
2% s109 09
3% 118¢ 813
4% 2002
a'P 0% 18738.1
1% 18043 2%
2% 19612
| e’G 3% 20617
[ 4Y 21315 698
| 69 Fe vu1 Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L): The following terms should
read:
a'F 2 0.0 1050.2
3 1050.2 1276
4 2326
a'D 2 174743
a’P 1 20428.5
2 21270 @ 42
) ® ® ® @ ® ® ®
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78 Co1 Add reference: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A) 48, 247 (1952) (I P):
Limit should read 63430.
The configuration assignments of b *D and b 3G should be in
88 Co m1 Add reference: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. (A]48,247 (1952) A P).

103 Nim Add references: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A) 48, 247 (1952) (I P).
A. G. Shenstone, J. Opt. Soc. Am. 44, 749 (1854) (I P) (T) (C L); Revised analynsis.
O. Garcfa-Riquelme, An. Real. Soc. Esp. [A] 81, 59 (1955) (C L) (E D).

111 Cu1 Add ieference: K. Murakaws, J. Phys. Soc. Japan 11, No. 7, 774 (1956) (hfs).

121 Cum Add reference: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).

124 Zn Add reference: W. R. S. Garto.: and A. Rajaratnam, Proc. Phys. Soc. London [A] €8, 1107
(1955) (T) (C L): Suggests that the level at 80795 should have the designation 4p**P,.

128 Zn 1 Add reference: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).

130 Ga1 Add reference: W. R. S. Garton, Proc. Phys. Soc. London [A] €8, 268 (1952) (T) (C L).

133 Ga mx Add reference: M. A. Catalén y R. Velasco, An. Real. Soc. Esp. [A} 48, 247 (1952) (I P).

135 Ge1 Add references: G. V. Deverall, K. W. Meissner, and G. J. Zissis, Phys. Rev. [2] 85, 1463 (19854)
(T) (CL); Precision measurements. R. D. Van Veld and K. W. Meisaner, J. Opt. Soc. Am.
48, 598 (1956) (T) (CL). K. L. Andrew and K. W. Meissner, J. Opt. Soc. Am. 47, 850 (1957)
(T) (C L): Report new term: 4s 4p*'S] 41926.7%6.

144 Asnn A. M. Crooker and R. E. Bedford, unpublished material (December 1955) (I P) (T) (C L);
Revised analysis: Limit should read 156299, I. P. 18.63.

146 Asm Add references: R. E. Bedford and A. M, Crooker, Phys. Rev. [2] 98, 845 (A) (1954) (T); un-
published material (1955) (I P) (T): Limit should read 228670, 1. P. 28.34.

147 As1v Add reference: R. E. Bedford and A. M. Crooker, Phys. Rev. [2] 98, 845 (A) (1954) (T).

156 Sev Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 68.3+0.1.

159 Bri J. L. Tech, unpublished material (July 1957) (T) (CL) (ZE): Reports new description and
analysis of the spectrum being made at the National Bureau of Standards by J. L. Tech
and C. H. Corliss,

163 Brm Add reference: Y. B. Rao, Indian J. Phys. 38, 371 (1956) (T).

164 Briv Add reference: W. Finkelnburg und W. Humbach, Naturwise, 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 47.3.

165 Brv Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 59.7 +0.1.

166 Brwvi Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated 1. P. is 88.6 +0.2.

167 Brvn Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From
screening constants, interpolated I. P. is 103.0+0.4.
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169 Krx Add reference: C. J. Humphreys and E. Psul, Jr., U. S. Naval Ord. Lab., NAVORD Report
4600, 29 (1957) (T) (C L); Infrared observations.

In 1952 ref., page no. 73 should be inserted. The level at 105989.60 should have the J-values
4.5.

184 Rbn Add reference: H. Kopfermann, A. Steudel, und J. O. Trier, Zeit. Phys. 144, 9 (1956) (bfs):

Fine structure, corrections to analysis.

191 Srn The designations for the *G series should have n increased by 1, i. e. n=5 to 11.

106 Y: Add references: M. A. Catalén y F. R. Rico, An. Real. Soc. Esp. [A] 48, 328 (1952) (T P):

Revised limit 51447, 1. P. 6.38. L. F. H. Bovey, Proc. Phys. Soc. London [A] €8, 79 (1955)

(C L); Infrared observations,

199 Yu Add referencea: M. A. Catalén y F. R. Rico, An. Real. Soc. Esp. [A) 48, 328 (i952) (I P):

Revised limit 98690, I. P. 12.23. L. F. H. Bovey, Proc. Phys. Soc. London [A)] €8, 79 (1955)

(C L); Infrared observations.

201 Ym Add reference: M. A. Cataldn y F. R. Rioo, An. Real. Soc. Esp. {A] 88, 85 (1957) (I P):

Revised limit 165500, I. P. 20.51.

205 Zr1 Add reference: M. A. Catalén y F. R. Rico, An. Real. Soc. Esp. [A] 48, 328 (1952) (I P):

Revised limit 55145, 1. P. 6.84. The level v ’GS 36941.65 has Obs. g=0.87.

209 Zrn Add references: C. C. Kiess, J. Opt. Soc. Am. 48, 1024 (1953) (T) (C L); Extension of analysis

from infrared observations; revises 4d*d D to read:

d'D 2% 27840.60 _ .. .0

1% 27699. 96 :

M. A. Catalén y F. R. Rico, letter (December 1956): revised limit should read 105900,
I P. 13.13.

212 Zr mx Add references: C. C. Kiess, J. Research Nat. Bur. Std. 58, 167, RP 2663 (1956) I P) (T)

(C L) (Z E); Revised analysis. M. A. Catalén y F. R. Rico, An. Real. Soc. Esp. [A] 83, 85 ®

(1957) (I P): Revised limit 185400, 1. P, 22.98.

213 Zr1v Add reference: C. C. Kiess, J. Research Nat. Bur. Std. 58, 167, RP 2663 (1956) (I P) (T)

(CL) (G D); Revised analysis: Limit should read 276970, 1. P. 34.33.

214 Zrvi C. C. Kiess in conversation (September 1955) has reported the analysis incorrect.

216 Nb1 Add reference: M. A. Catalén y F. R. Rico, An. Real. Soc. Esp. [A] 48, 328 (1952) (I P):

Revised limit 55511, 1. P. 6.88.

221 Nbu Add reference: M. A. Catalén y F. R. Rico, letter (December 1956): Revised limit should

read 115500, I. P. 14.32.

223 Nb mx Add references: L. Iglesias, An. Real. Soc. Esp. [A] 80, 135 (1954) (T) (C L); Analysis ex-

tended from ultraviolet observations. L. Iglesias, J. Opt. Soc. Am. 45, 856 (1955) (I P)

(T) (C L); Revised analysis. M. 4. Catalaén y F. R. Rico, An. Real. Soc. Eap. [A] 53, 85

(1957) (I P): Revised limit 202000, I. P. 25.04.

xvi Ni: For configurations having F-limit terms, under “nf”’ add S° and P° as predicted terms; for those

sequence having G-limit terms, add P° and D® as predicted terms. Similarly, under “ng”, for F-limit

terms, add P and D as predicted terms; and for those having G-limit terms, add S, P, D, F

as predicted terms.

*

Norz Apprp IN Proor

130 Ga1 B. Eldén (letter, February 1958) states that the n-values for nf 3F° terms should be increased as follows: 4 to
5 5t07;6to8;7t 9. The terma 4f'F° and 6f*F° are still missing.
202 Yv B. Edlén (letter, March 1958) reports the analysis incorrect.
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